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 Hxurshdq Prqh| Ghpdqg dqg wkh Uroh ri XN iru








Iluvw Yhuvlrq= Iheuxdu| 4<<;1
Wklv Yhuvlrq= Dsulo 4<<;1
Devwudfw
Wklv sdshu ghyhorsv htxloleulxp fruuhfwlrq prghov iru prqh| ghpdqg ri
Hxurshdq0zlgh eurdg prqhwdu| djjuhjdwhv edvhg rq d pxowlyduldwh frlqwhjud0
wlrq dqdo|vlv1 Lw zloo eh vkrzq wkdw zkhwkhu ru qrw wkh XN lv dp h p e h ur i
d prqhwdu| xqlrq grhv qrw d￿hfw wkh hpslulfdo vwdelolw| ri duhd0zlgh prqh|
ghpdqg prghov1 Krzhyhu/ wkhuh lv hylghqfh wkdw wkh surshuwlhv ri d prqh|
ghpdqg prgho iru dq duhd wkdw suhylrxvo| glg qrw lqfoxgh XN pljkw fkdqjh
mxvw zkhq wkh XN zloo mrlq wkh xqlrq= Wkh prghov* g|qdplfv dqg wkh vxshu0
h{rjhqhlw| vwdwxv ri rxwsxw duh gl￿huhqw lq prghov wkdw gr frqwdlq XN lq wkhlu
duhdv frpsduhg zlwk wkrvh zklfk gr qrw1
MHO fodvvl￿fdwlrq= F6/ F8/ H7/ H81
Nh|zrugv= Duhd0zlgh Hxurshdq Prqh| Ghpdqg/ Frlqwhjudwlrq/ Sdudphwhu
Vwdelolw|/ Vxshu H{rjhqhlw|1
￿L zlvk wr wkdqn Mrkq Gul!oo/ Qlhov Wk|jhvhq/ Kdqv Fkulvwldq Nrqjvwhg/ Khqqlqj Wdus Mhqvhq/
dqg vhplqdu sduwlflsdqwv dw Frshqkdjhq dqg Vrxwkdpswrq iru wkhlu khosixo frpphqwv1 Pdq| wkdqnv
wr Khqqlqj Wdus Mhqvhq iru khoslqj wr froohfw wkh gdwd1
44L q w u r g x f w l r q
Lq wklv sdshu L zloo hvwlpdwh dqg glvfxvv hpslulfdoo| vwdeoh prqh| ghpdqg htxdwlrqv
iru duhd0zlgh eurdg prqhwdu| djjuhjdwhv lq Hxursh1 Dv zhoo dv iru dq| grphvwlf
prqhwdu| srolf| d vwdeoh prqh| ghpdqg ixqfwlrq lv dovr qhfhvvdu| iru wkh frqgxfw
ri d frpprq Hxurshdq prqhwdu| srolf| li d prqhwdu| djjuhjdwh lv wdujhwhg1 D
mrlqw prqhwdu| srolf| iru d Vlqjoh Hxurshdq Fxuuhqf| zloo eh rshudwhg e| wkh ixwxuh
Hxurshdq Fhqwudo Edqn +HFE, prvw suredeo| iurp Mdqxdu| 4<<< rq1 Dv lw lv wkh
fxuuhqw vlwxdwlrq lq hduo| 4<<; lw vhhpv kljko| suredeoh wkdw iurp wkh Elj Irxu
+Jhupdq|/ Iudqfh/ Lwdo| dqg XN, rqo| wkh XN zloo qrw mrlq wkh Hxurshdq Prqhwdu|
Xqlrq +HPX, lq 4<<<1 Wklv sdshu ghyhorsv hfrqrphwulf prqh| ghpdqg prghov iru
Hxurshdq0zlgh eurdg prqhwdu| djjuhjdwhv xqghu sduwlfxodu frqvlghudwlrq ri wkh uroh
ri XN1 Lw zloo eh vkrzq wkdw zkhwkhu ru qrw wkh XN lv dp h p e h ur idp r q h w d u |x q l r q
grhv qrw dhfw wkh hpslulfdo vwdelolw| ri duhd0zlgh prqh| ghpdqg prghov1 Krzhyhu/
wklv sdshu dovr surylghv hylghqfh wkdw wkh surshuwlhv ri d prqh| ghpdqg prgho iru
dq duhd wkdw suhylrxvo| glg qrw lqfoxgh XN pljkw fkdqjh mxvw zkhq wkh XN zloo mrlq
wkh xqlrq= Wkh prghov* g|qdplfv dqg wkh h{rjhqhlw| vwdwxv ri lwv h{sodqdwru| ydul0
deohv duh glhuhqw lq prghov wkdw gr frqwdlq XN lq wkhlu duhdv frpsduhg zlwk wkrvh
zklfk gr qrw1 Prghov zloo eh hvwlpdwhg iru d vpdoo jurxs ri frxqwulhv e| frpsdulqj
djjuhjdwhg prqh| ghpdqg prghov iru wkh Elj Irxu zlwk dqg zlwkrxw XN> dqg iru
d odujhu jurxs ri whq frxqwulhv zlwk dqg zlwkrxw XN1 Lq doo irxu fdvhv hpslulfdoo| vwd0
eoh/ hfrqrplfdoo| phdqlqjixo/ dqg vwdwlvwlfdoo| zhoo vshflhg djjuhjdwhg Htxloleulxp
Fruuhfwlrq Prghov iru fruuhvsrqglqj duhd0zlgh prqh| ghpdqg zloo eh suhvhqwhg1 Wkh
prghov zloo eh ghyhorshg edvhg rq d pxowlyduldwh frlqwhjudwlrq dqdo|vlv1 Wkh gdwd
duh txduwhuo| ryhu wkh vdpsoh shulrg 4<;6+4, 0 4<<9+7,1
Dq reylrxv phwkrgrorjlfdo sureohp iru wkh hfrqrplf dqg hfrqrphwulf frqfox0
vlrqv wr eh gudzq iurp wkh hpslulfdo prghov olhv lq wkh idfw wkdw wkh prghov zloo eh
ghyhorshg edvhg rq klvwrulfdo gdwd iurp d glhuhqw uhjlph dqg dv d frpsrvlwlrq ri
lqglylgxdo frxqwulhv1 Krzhyhu/ d ixwxuh Hxurshdq Fhqwudo Edqn zloo eh idflqj h{dfwo|
wklv sureohp zkhq ghflvlrqv derxw prqhwdu| srolf| kdyh wr eh pdgh iurp wkh yhu|
ehjlqqlqj ri HPX1 Qhlwkhu zloo lw kdyh d fuhglelolw| uhfrug vxfk dv h1j1 wkh Exqghv0
edqn/ qru zloo wkhuh eh dq| gdwd dydlodeoh zklfk frxog vhuyh wr exlog dq hpslulfdo
ehqfkpdun prgho ri wkh qhz uhjlph1 Lw wkhuhiruh vhhpv dssursuldwh wr xqghuvwdqg
duhd0zlgh hpslulfdo vwxglhv vxfk dv wkh rqh suhvhqwhg khuh dv dq +hyhq srvvleo| fuxgh,
dssur{lpdwlrq ri d uhjlph iru zklfk qr gdwd lv dydlodeoh1
Rq wkh rwkhu kdqg wkh Hxurshdq Prqhwdu| V|vwhp +HPV, lq wkh shulrg iurp
4<;6 rqzdugv pljkw eh vhhq dv uhsuhvhqwlqj d idluo| vwdeoh prqhwdu| uhjlph zlwk
d ihz lpsruwdqw dqg suredeo| qrq0frqwuryhuvldo vw|ol}hg idfwv1 Iluvw/ wkh HPV kdv
rshudwhg dv dq dv|pphwulf prqhwdu| v|vwhp zlwk wkh Exqghvedqn sod|lqj wkh uroh
ri wkh ohdghu dqg wkh Ghxwvfkpdun ehlqj wkh qrplqdo dqfkru ri wkh v|vwhp1 Vhfrqg/
vlqfh wkh uhprydo ri fdslwdo frqwurov lq wkh hduo| ;3*v +h{fhsw Iudqfh dqg Lwdo| zkhuh
wkh| zhuh uhpryhg lq 4<;<2<3, wkhuh zdv d kljk ghjuhh ri fdslwdo prelolw|1 Wklug/ wkh
h{fkdqjh udwh phfkdqlvp +HUP, kdv hvwdeolvkhg ryhu prvw ri wkh wlph d v|vwhp ri
frpsdudwlyho| vwdeoh h{fkdqjh0udwhv lq sduwlfxodu diwhu wkh Edvoh0Q|eruj djuhhphqw
lq 4<;: +zlwk h{fhswlrq ri wkh vshfxodwlyh fulvhv dw wkh ehjlqqlqj ri wkh <3*v1,1 Irxuwk/
5iurp 4<;6 rq wkh glhuhqwldov ri orqj0whup lqwhuhvw udwhv ehwzhhq Jhupdq|*v dqg prvw
ri wkh HPV frxqwulhv* erqg udwhv kdyh ghfuhdvhg vljqlfdqwo|1 Wkh vdph dssolhv iru
lq dwlrq glhuhqwldov lq sduwlfxodu ri iruphu kljk0lq dwlrq frxqwulhv vxfk dv Lwdo|
dqg Vsdlq zlwk uhvshfw wr Jhupdq|1 Dffhswlqj wkhvh vw|ol}hg idfwv lw pljkw wkhq eh
dujxhg wkdw dq hpslulfdo prgho zklfk lv edvhg rq gdwd ri wkdw shulrg lv qrw vxfk d
edg dssur{lpdwlrq iru d frpprq prqhwdu| xqlrq1
Lq wkh rqjrlqj uhvhdufk rq duhd0zlgh prqh| ghpdqg prghov wkhuh duh wzr lvvxhv
ri sduwlfxodu lqwhuhvw= fxuuhqf| vxevwlwxwlrq dqg wkh djjuhjdwlrq sureohp1 Lq prvw
ri wkh h{lvwlqj olwhudwxuh lw lv irxqg wkdw duhd0zlgh prqh| ghpdqg lv pruh vwdeoh
wkdq lq lqglylgxdo frxqwulhv1 D zlghvsuhdg h{sodqdwlrq iru wkdw skhqrphqrq lv wkdw
qrqedqnv krog wkhlu prqh| lq glhuhqw +Hxurshdq, fxuuhqflhv dqg vxevwlwxwh wkhp
lq uhvsrqvh pdlqo| wr h{fkdqjh udwh h{shfwdwlrqv1 Khqfh lqglylgxdo grphvwlf prqh0
wdu| djjuhjdwhv duh ohvv suhglfwdeoh wkdq dq duhd0zlgh rqh1 Wklv wkhuhiruh lpsolhv d
ehqhw ri duhd0zlgh prqh| ghpdqg ixqfwlrqv= wkh frqwuro ri dq duhd0zlgh prqhwdu|
djjuhjdwh e| wkh HFE frxog eh rshudwhg pruh hhfwlyho| wkdq lq wkh lqglylgxdo frxq0
wulhv e| wkh fruuhvsrqglqj qdwlrqdo Fhqwudo Edqnv/ zklfk gxh wr h{whuqdo lq xhqfhv
kdyh rqo| olplwhg frqwuro ryhu grphvwlf +prqhwdu|, yduldeohv1 Ixuwkhupruh/ iroorzlqj
d frqyhqwlrqdo vwudwhj| ri prqhwdu| srolf| wkh HFE frxog wkhq srvvleo| wdujhw dq
duhd0zlgh prqhwdu| djjuhjdwh e| dssursuldwho| xvlqj lwv prqhwdu| wrrov/ l1h1 vkruw0
whup lqwhuhvw udwhv1 Wklv lv ri sduwlfxodu lqwhuhvw zlwk uhvshfw wr wkh fxuuhqw dfdghplf
dqg srolwlfdo glvfxvvlrq rq wkh vwudwhjlfdo frqfhsw ri prqhwdu| srolf| zklfk wkh HFE
vkrxog sxuvxh= hlwkhu wr wdnh ryhu wkh Exqghvedqn*v prqhwdu| srolf| zlwk lwv vwudw0
hj| ri wdujhwlqj d eurdg prqhwdu| djjuhjdwh dv lqwhuphgldwh wdujhw wr uhdfk sulfh
vwdelolw| dv wkh h{foxvlyh qdo wdujhw> ru wr xvh dq lq dwlrq wdujhw/ h1j1 edvhg rq lq0
 dwlrq iruhfdvwv1 Dv lw lv qrwhg e| wkh HPL +4<<:, wkh orqj0whup vwdelolw| rq prqh|
ghpdqg lq wkh Hxur0duhd lv d fuxfldo idfwru ghwhuplqlqj wkh hhfwlyhqhvv dqg vfrsh
ri prqhwdu| wdujhwlqj1 Wkhuhiruh d vwdeoh +hyhq wkrxjk dssur{lpdwlyh, Hxurshdq
prqh| ghpdqg ixqfwlrq lv dw ohdvw d qhfhvvdu| frqglwlrq iru wdujhwlqj d Hxurshdq0
zlgh prqhwdu| djjuhjdwh1 Krzhyhu/ uhdvrqv iru wklv qrw wr eh d vx!flhqw frqglwlrq
lqfoxgh erwk hfrqrplf dqg hfrqrphwulf vkruwfrplqjv zklfk pdqlihvw wkh frvwv ri hv0
wlpdwlqj duhd0zlgh prqh| ghpdqg prghov1 Djjuhjdwlrq eldv pd| eh lqgxfhg e| wkh
frqvwuxfwlrq dqg hvwlpdwlrq ri d ixqfwlrq ri duhd0zlgh yduldeohv1 Pruhryhu/ hyhq li
d vwdeoh hfrqrphwulf prgho lv hvwlpdwhg/ li wkdw prgho lv vxemhfw wr wkh Oxfdv ful0
wltxh diwhu wkh qhz uhjlph ri d frpprq prqhwdu| srolf| lv lpsohphqwhg lq 4<<< lw
pljkw orvh lwv hpslulfdo vwdelolw|1 Lw lv wkhuhiruh ri sdudprxqw lpsruwdqfh wr whvw iru
h{rjhqhlw| dqg plvvshflfdwlrq ri hvwlpdwhg Hxurshdq prqh| ghpdqg prghov wr eh
ghyhorshg ehorz1
Wkh frqwulexwlrq ri wklv sdshu wr wkh hpslulfdo olwhudwxuh lv wzrirog1 Iluvwo|/ htxl0
oleulxp fruuhfwlrq prghov edvhg rq wkh pxowlyduldwh frlqwhjudwlrq hvwlpdwlrq whfk0
qltxh ghyhorshg e| Mrkdqvhq duh hvwlpdwhg1 Wkh hpslulfdo vwdelolw| ri wkh hvwlpdwhg
sdudphwhuv ri wkh orqj0uxq prqh| ghpdqg ixqfwlrq lv vkrzq e| dsso|lqj wkh uhfhqwo|
ghyhorshg uhfxuvlyh hvwlpdwlrq whfkqltxh iru qrq0vwdwlrqdu| yduldeohv e| Kdqvhq dqg
Mrkdqvhq +4<<9,1 Wdnlqj lqwr dffrxqw wkh suhvhqfh ri gxpp| yduldeohv lq wkh frlq0
whjudwlqj surfhvv fulwlfdo ydoxhv iru wkh wudfh whvw iru whvwlqj wkh glphqvlrq ri wkh
frlqwhjudwlrq vsdfh duh vlpxodwhg e| xvlqj wkh vriwzduh surjudp GlvFr 417 +vhh Mr0
6kdqvhq dqg Qlhovhq/ 4<<:,1 Vhfrqgo|/ wkh wkhruhwlfdoo| qrw dsshdolqj djjuhjdwlrq ri
wkh glhuhqw qdwlrqdo lqwhuhvw udwhv e| d zhljkwlqj vfkhph lv dyrlghg1 Lqvwhdg/ dv0
vxplqj d vwdeoh olqn ehwzhhq Jhupdq dqg rwkhu Hxurshdq frxqwulhv* lqwhuhvw udwhv wr
krog rqo| Jhupdq lqwhuhvw udwhv duh xvhg1 Wklv lv edvhg rq wkh dujxphqw wkdw gxulqj
wkh HPV wkh Ghxwvfkpdun zdv wkh qrplqdo dqfkru ri wkh fxuuhqf| v|vwhp vxfk wkdw
doo uhohydqw lqirupdwlrq derxw rzq udwh dqg rssruwxqlw| frvwv ri kroglqj hyhq dq
duhd0zlgh djjuhjdwh duh frqwdlqhg lq wkh Jhupdq lqwhuhvw udwhv/ wrjhwkhu zlwk wkh
Ghxwvfkpdun 0 XV Groodu h{fkdqjh udwh1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 surylghv d edfn0
jurxqg rq duhd0zlgh Hxurshdq prqh| ghpdqg lvvxhv vxfk dv wkh xqghuo|lqj wkhruhw0
lfdo orqj0uxq prqh| ghpdqg ixqfwlrq> wkh fkrlfh ri vhohfwhg frxqwulhv dqg wkh ghql0
wlrq ri glhuhqw duhdv> dqg djjuhjdwlrq dqg frqyhuvlrq lvvxhv rq duhd0zlgh djjuhjdwhg
yduldeohv1 Vhfwlrq 6 suhvhqwv wkh gdwd dqg lq Vhfwlrq 7 wkh hpslulfdo hfrqrphwulf prg0
hov iru irxu glhuhqw Hxurshdq duhdv duh hvwlpdwhg dqg vwdwlvwlfdoo| hydoxdwhg1 Vhfwlrq
8 surylghv dq hfrqrplf lqwhusuhwdwlrq ri wkh hpslulfdo uhvxowv dqg dssolhv whvwv iru
vxshu0h{rjhqhlw| iru vrph ri wkh h{sodqdwru| yduldeohv wr whvw iru wkh uhohydqfh ri wkh
Oxfdv fulwltxh zlwk uhvshfw wr wkh hvwlpdwhg prghov1 Vhfwlrq 9 suhvhqwv wkh pdlq
uhvxowv dqg wkh gdwd duh grfxphqwhg lq wkh Dsshqgl{1
5 Duhd0Zlgh Prqh| Ghpdqg= Wkh edfnjurxqg
Vlqfh wkh slrqhhulqj hpslulfdo uhvhdufk rq Hxurshdq prqh| ghpdqg e| Ehn{ dqg Wxo0
olr +4<;<, dqg Nuhphuv dqg Odqh +4<<3, vhyhudo rwkhu vwxglhv vxevhtxhqwo| dsshduhg
lq wkh olwhudwxuh vxfk dv wkrvh e| Duwlv hw do +4<<6,/ Prqwlfhool dqg Vwudxvv0Ndkq
+4<<5,/ Idvh dqg Zlqghu +4<<5,/ Idjdq dqg Khqu| +4<<:, dqg Prqwlfhool dqg Sdsl
+4<<9,1 Wkh odwwhu uhihuhqfh dovr surylghv dq h{fhoohqw vxuyh| ryhu ydulrxv wkhruhwlfdo
dqg whfkqlfdo lvvxhv uhodwhg wr Hxurshdq prqh| ghpdqg1 Wkh glhuhqw vwxglhv riwhq
ydu| lq wkh frpsrvlwlrq ri wkh duhdv e| lqfoxglqj glhuhqw jurxsv ri frxqwulhv> wkh dj0
juhjdwlrq phwkrgv> wkh fkdudfwhu ri wkh prqhwdu| djjuhjdwh +qduurz ru eurdg, xqghu
frqvlghudwlrq> wkh vdpsoh shulrg> dqg wkh hfrqrphwulf dssurdfk1 Krzhyhu/ wr vrph
h{whqg wkh| doo surylgh hylghqfh wkdw dq hpslulfdoo| vwdeoh prqh| ghpdqg ixqfwlrq
iru dq duhd0zlgh Hxurshdq djjuhjdwh fdq eh irxqg1
514 Dq Duhd0Zlgh Wkhruhwlfdo Prqh| Ghpdqg Ixqfwlrq
Lq wklv sdshu duhd0zlgh Hxurshdq prqh| ghpdqg zloo eh dqdo|}hg iru d eurdg prq0
hwdu| djjuhjdwh1 Wkh fkrlfh zdv prwlydwhg e| prqhwdu| srolf| frqvlghudwlrqv1 Li
wkh HFE zloo sxuvxh prqhwdu| wdujhwlqj äo dExqghvedqn wkh lqwhuphgldwh wdujhw
zloo prvw suredeo| qrw eh d qduurz djjuhjdwh exw udwkhu d eurdghu djjuhjdwh fruuh0
vsrqglqj h1j1 wr Jhupdq P61 Pruhryhu/ wkh uhvxowlqj prghov dqg wkhlu surshuwlhv
f d qw k h qg l u h f w o |e hf r p s d u h gz l w kE h | h u * v+ 4 < < ; d , prqh| ghpdqg prgho iru Jhu0
pdq P61 Vlplodu wr wkh vshflfdwlrq wkhuh wkh Hxurshdq prqh| ghpdqg prgho iru d
eurdg prqhwdu| djjuhjdwh wr eh ghyhorshg khuh lv edvhg rq d frqyhqwlrqdo orqj0uxq
7vshflfdwlrq vxfk dv
E6  R





Uhdo edodqfhv duh d ixqfwlrq ri uhdo lqfrph ++( vkruw0whup +-7 dqg orqj0whup +-u
lqwhuhvw udwhv yduldeohv dqg lq dwlrq +{R1 -7 uhsuhvhqwv dq rzq udwh/ -u dqg {R
rssruwxqlw| frvwv ri kroglqj prqh|1 Wkh h{fkdqjh udwh yduldeoh +e% fdswxuhv rxw0
ri0duhd fxuuhqf| vxevwlwxwlrq hhfwv1 Vxshuvfulsw . lqglfdwhv d Hxurshdq djjuhjdwh
frpsrvhg ri  frxqwulhv wr eh vshflhg qrz1 Vpdoo ohwwhuv ghqrwh khuh dqg hovhzkhuh
orjv1
515 Wkh frxqwulhv wr eh vhohfwhg
Dsduw iurp whfkqlfdo gl!fxowlhv pdlqo| fdxvhg e| olplwhg gdwd dydlodelolw| wkh fkrlfh
ri frxqwulhv lv lq xhqfhg e| hfrqrplf uhdvrqlqj zklfk lq wxuq lv olqnhg wr wkh fkrlfh ri
wkh vdpsoh shulrg1 Fxuuhqwo| wkhuh duh iwhhq frxqwulhv phpehuv ri wkh HPV= Dxvwuld
+DXW,/ Ehojlxp +EHO,/ Ghqpdun +GN,/ Ilqodqg +ILQ,/ Iudqfh +IUD,/ Jhupdq|
+JHU,/ Juhhfh +JU,/ Luhodqg +LUO,/ Lwdo| +LWD,/ Ox{hpexuj +OX[,/ Qhwkhuodqgv
+QO,/ Sruwxjdo +SRU,/ Vzhghq +VZH,/ Vsdlq +HVS,/ dqg Xqlwhg Nlqjgrp +XN,1
Wrjhwkhu zlwk wkh qrq0phpehuv Qruzd| +QRU, dqg Vzlw}huodqg +FK, wklv jurxs ri
vhyhqwhhq frxqwulhv pljkw frqvwlwxwh wkh odujhvw srwhqwldo vhw1
Wkh vhohfwlrq surfhvv ri frxqwulhv uhtxluhv ghflvlrq uxohv rq wkh iroorzlqj fulwhuld=
 Vkrxog d frxqwu| eh phpehu ri wkh HPV/ dqg li |hv grhv lw kdyh wr eh phpehu
ryhu wkh zkroh vdpsoh shulrgB
 Vkrxog d frxqwu| eh phpehu ri wkh HUP/ dqg li |hv/ ryhu wkh zkroh vdpsoh
shulrgB
 Vkrxog wkrvh frxqwulhv eh vhohfwhg zklfk kdyh shjjhg wkhlu fxuuhqflhv wr wkh
HFX +ru d frpsdudeoh edvnhw, ru wr wkh GPB
 Zklfk vdpsoh shulrg vkrxog eh fkrvhqB Lv lw vhqvleoh wr lqfoxgh wkh kljko|
xqvwdeoh suh04<;6 shulrg zlwk vhyhudo h{fkdqjh udwh uhdoljqphqwvB
Vlqfh wkh hpslulfdo prgho wr eh ghyhorshg khuh vkrxog eh deoh wr khos suhglfwlqj
wkh frqvhtxhqfhv ri wkh HFE*v prqhwdu| srolf| wkh uvw vhohfwlrq fulwhulrq lv ghwhu0
plqhg e| wkh olvw ri frxqwulhv zklfk duh lq wkhru| d srwhqwldo fdqglgdwh iru mrlqlqj
wkh prqhwdu| xqlrq1 Khqfh HPV phpehuvkls lv uhtxluhg |lhoglqj wkh h{foxvlrq ri
QRU dqg FK1 Li phpehuvkls ryhu wkh zkroh vdpsoh shulrg zrxog eh uhtxluhg wklv
zrxog hlwkhu vkruwhq wkh vdpsoh shulrg lqwudfwdeo| ru lw zrxog h{foxgh vhyhudo frxq0
wulhv zklfk pruh uhfhqwo| kdyh mrlqhg wkh HPV +h1j1 ILQ dqg VZH,1 Wkhuhiruh wkh
f u l w h u l r qf k r v h ql vw k hH P Vp h p e h u v k l sd ww k hh q gr iw k hv d p s o hs h u l r g 1F r q f h u q 0
lqj HUP phpehuvkls/ vlplodu dujxphqwv dsso| dv zlwk HPV phpehuvkls vr HUP
phpehuvkls lv qrw uhtxluhg ryhu wkh zkroh vdpsoh shulrg1 Pruhryhu/ vlqfh XN lv
vwurqjo| suhihuuhg wr eh vhohfwhg lq wkh prgho exw lv qrw dq HUP phpehu dq|pruh
diwhu mrlqlqj rqo| lq 4<<3 dqg ohdylqj wzr |hduv wkhuhdiwhu wrjhwkhu zlwk Lwdo|/ HUP
8Djjuhjdwh . Frxqwulhv
H IUD/ JHU/ LWD
He IUD/ JHU/ LWD/ XN
Hb IUD/ JHU/ LWD/ EHO/ GN/ HVS/ ILQ/ QO/ VZH
Hf IUD/ JHU/ LWD/ EHO/ GN/ HVS/ ILQ/ QO/ VZH/ XN
Wdeoh 4= Wkh duhdv
Frxqwu| IUD JHU LWD EHO GN HVS ILQ QO VZH XN
Prqhwdu| djjuhjdwh P6 P6 P5 P6K P5 P6 P5 P6 P6 P7
Wdeoh 5= Qdwlrqdo prqhwdu| djjuhjdwhv
phpehuvkls zdv vnlsshg dowrjhwkhu dv d fulwhulrq1 Ilqdoo|/ iru wkh vdpsoh shulrg
wkhuh duh lq sulqflsoh wzr fdqglgdwhv iru d vwduwlqj shulrg1 Hlwkhu 4<:< zlwk wkh
ehjlqqlqj ri wkh HPV ru 4<;6 li wkh xqvwdeoh suh04<;6 shulrg vkrxog eh h{foxghg1
Iru vhyhudo Hxurshdq frxqwulhv +qrw iru Jhupdq| wkrxjk, lw kdv ehhq vkrzq lq wkh
olwhudwxuh wkdw qdwlrqdo prqh| ghpdqg zdv vhyhuho| ghvwdelol}hg gxulqj wkh suh04<;6
shulrg1 Mxvholxv +4<<:, h1j1 dqdo|vhv prqhwdu| wudqvplvvlrq phfkdqlvpv iru GN/
JHU/ LWD dqg HVS dqg qgv vwurqj hylghqfh iru d vwuxfwxudo euhdn lq 4<;6 gxh wr
fdslwdo olehudol}dwlrq1 Pruhryhu/ wkhuh kdyh ehhq vhyhudo uhdoljqphqwv ehwzhhq 4<:<
dqg 4<;6 zlwk srwhqwldoo| glvwruwlqj hhfwv rq wkh djjuhjdwlrq ri qdwlrqdo yduldeohv
zkhq wkh| duh frqyhuwhg lqwr d vlqjoh fxuuhqf| djjuhjdwh +vhh ehorz,1 Rq wkh rwkhu
kdqg iru vhyhudo frxqwulhv d frpsohwh gdwd vhw iru wkh suh04<;6 shulrg lv qrw dydlo0
deoh1 Wkhuhiruh lw zdv ghflghg wkdw wkh vdpsoh shulrg vwduwv iurp 4<;6 rqzdugv1
Qhyhuwkhohvv/ iru vrph frxqwulhv wkhuh lv qr frpsohwh gdwd vhw dydlodeoh hyhq iurp
4<;6 rqzdugv1 Wkhvh duh LUO/ SRU dqg JU1 Iru DXW wkhuh lv qr eurdg prqhwdu|
djjuhjdwh dydlodeoh1 Krzhyhu/ wkhvh frxqwulhv wrjhwkhu kdyh 4<<9 d qrplqdo JGS
vkduh ri ohvv wkdq 9( dqg khqfh wkhlu h{foxvlrq vkrxog qrw kdyh d pdmru lpsdfw rq
wkh hpslulfdo uhvxowv1 Ilqdoo|/ OX[ lv qrw lqfoxghg exw lw pdlqwdlqv d fxuuhqf| xqlrq
zlwk EHO1 Khqfh wkh odujhvw vhw frqwdlqv whq frxqwulhv iruplqj wkh H43 djjuhjdwh dv
olvwhg lq Wdeoh 41 Iurp wkh Elj Irxu hfrqrplhv IUD/ JHU/ LWD dqg XN zklfk
kdyh d vkduh ri pruh wkdq :3( lq wkh HX +phdvxuhg hlwkhu e| JGS/ eurdg prqh|
vwrfn ru HFX0edvnhw vkduhv, wkh XN lv prvw suredeoh wkh rqo| frxqwu| zklfk pljkw
qrw mrlq wkh xqlrq iurp wkh vwduw exw pljkw mrlq odwhu1 Rqh ri wkh prwlydwlrqv ri wkh
hpslulfdo dqdo|vlv lv wr lqyhvwljdwh wkh uroh ri XN zlwk uhvshfw wr wkh vwdelolw| ri dq
duhd0zlgh Hxurshdq prqh| ghpdqg prgho1 Wkhuhiruh L zloo suhvhqw hpslulfdo prg0
hov iru irxu glhuhqw duhd frpsrvlwlrqv1 H< h{foxghv XN iurp H43 dqg H6 h{foxghv
XN iurp wkh Elj Irxu duhd H7 Wkh ghshqghqw yduldeoh ri wkh duhd0zlgh prqh|
ghpdqg prgho lv d vxp ri wkh qdwlrqdo frxqwulhv* eurdg prqhwdu| djjuhjdwhv diwhu
frqyhuwlqj wkhp lqwr xqlwv ri Ghxwvfkpdun1 Wkh djjuhjdwhv duh olvwhg lq Wdeoh 51
Zlwk uhjdug wr wkh duhd0zlgh djjuhjdwlrq wkh glhuhqw qdwlrqdo frqfhswv ri grphvwlf
prqh| kroglqjv dsshdu wr eh idluo| krprjhqrxv +vhh h1j1 Prqwlfhool dqg Sdsl +4<<9,
iru whfkqlfdo ghwdlov,1 Lq frqwudvw/ phwkrgrorjlfdo sureohpv dulvh iurp wkh h{lvwhqfh
dqg glhuhqw wuhdwphqwv ri Furvv Erdughu Ghsrvlwv +FEG*v, lq qdwlrqdo djjuhjdwhv1
9FEG*v duh fkdudfwhul}hg e| wkh qrq0frlqflghqfh ri l, uhvlghqfh ri kroghu/ ll, fxuuhqf|
ri ghqrplqdwlrq/ dqg lll, wkh orfdwlrq ri wkh qdqfldo lqwhuphgldu|1 Li glhuhqw frq0
fhswxdo wuhdwphqwv ri iruhljq fdslwdo dqg wkhlu kroghuv dsso| dw wkh qdwlrqdo ohyho/ wklv
pljkw hlwkhu |lhog wrr vpdoo ru wrr odujh Hxurshdq djjuhjdwhv +vhh h1j1 Dqjhorql hw do/
4<<7,1 Prqwlfhool dqg Sdsl +4<<9, hvwlpdwh Hxurshdq prqh| ghpdqg ixqfwlrqv zklfk
gr lqfrusrudwh h{whqghg djjuhjdwhv iru vhyhudo w|shv ri FEG*v1 Dv lpsruwdqw uhvxowv
wkh| qg wkdw wkh hvwlpdwhg prghov zlwk FEG*v lqfoxghg gr qrw glhu pdvvlyho|
zlwk uhvshfw wr lwv g|qdplf dqg vwdwlvwlfdo surshuwlhv iurp wkrvh zlwk frqyhqwlrqdo
prqh| djjuhjdwhv1 Pruhryhu prghov zlwk h{whqghg djjuhjdwhv qhyhu rxwshuirup wkh
wudglwlrqdo ghqlwlrq ri prqh|/ zklfk frqvhtxhqwo| uhpdlqv wkh suhihuuhg prqhwdu|
djjuhjdwh1 Edvhg rq wkhvh hpslulfdo qglqjv dqg vlqfh gdwd rq FEG*v lv rqo| dydlo0
deoh wr d olplwhg h{whqg wkh Hxurshdq prqh| ghpdqg prghov lq wklv sdshu duh edvhg
rq wkh frqyhqwlrqdo qdwlrqdo djjuhjdwhv dv olvwhg lq Wdeoh 51
516 Djjuhjdwlrq dqg frqyhuvlrq phwkrgv
Wr frqvwuxfw duhd0zlgh djjuhjdwhv ri wkh yduldeohv lqyroyhg lq wkh dqdo|vlv wkh wzr
ixqgdphqwdo frqfhswxdo lvvxhv duh= wkh frqyhuvlrq ri wkh lqglylgxdo grphvwlf qrp0
lqdo yduldeohv lqwr yduldeohv zlwk krprjhqhrxv xqlwv wkdw fdq eh dgghg xs> dqg dq
dssursuldwh phdvxuh iru duhd0zlgh lqwhuhvw udwhv dqg jrrgv sulfhv1
51614 Duhd0zlgh prqh| vwrfn dqg rxwsxw
Iru frqyhuvlrq ri wkh qrplqdo yduldeohv wkhuh kdyh ehhq lq sulqflsoh wkuhh glhuhqw
phwkrgv zlwk vxefdvhv dssolhg lq wkh olwhudwxuh1 Lq prvw ri wkh vwxglhv qrplqdo
yduldeohv duh frqyhuwhg hlwkhu e| pdunhw h{fkdqjh udwhv ru e| SSS h{fkdqjh udwhv1
Lq erwk fdvhv hlwkhu fxuuhqw ru {hg h{fkdqjh udwhv ri d edvh0olqh shulrg fdq eh xvhg1
W k hw k l u gp h w k r gz k l f kl vd s s o l h ge |E d | r x p ld q gN h q h q+ 4 < < 6 ,x v h vd ql q g h {e d v h g
rq wkh zhljkwhg djjuhjdwlrq ri grphvwlf jurzwk udwhv zklfk fdq wkhq eh fxpxodwhg wr
ohyho yduldeohv1 Li fhuwdlq frqglwlrqv duh ixooohg vrph ri wkh phwkrgv duh htxlydohqw1
Li h{fkdqjh udwhv duh frqwlqxrxvo| frqvlvwhqw zlwk SSS wkh fxuuhqw h{fkdqjh udwh
dqg fxuuhqw SSS udwh phwkrg surgxfh wkh vdph uhvxowv1 Wkh {hg h{fkdqjh udwh
phwkrg fruuhvsrqgv wr wkh fxuuhqw SSS udwhv phwkrg li doo frxqwulhv lqyroyhg kdg
lghqwlfdo lq dwlrq udwhv1 Wkh glhuhqw frqyhuvlrq phwkrgv zklfk kdyh ehhq xvhg lq wkh
olwhudwxuh duh qrw xqfrqwuryhuvldo1 Prqwlfhool dqg Vwudxvv0Ndkq +4<<6, dqg Prqwlfhool
dqg Sdsl +4<<9, frqyhuw qrplqdo yduldeohv e| fxuuhqw pdunhw h{fkdqjh udwhv1 Wkh|
dujxh wkdw wklv lv frqvlvwhqw zlwk d ylhz wkdw prqh| edodqfhv duh ghpdqghg/ erwk
iru wudqvdfwlrq dqg vwruh0ri0ydoxh sxusrvhv dqg wkdw fxuuhqw dqg ixwxuh sxufkdvlqj
srzhu/ lq whupv ri iruhljq jrrgv dqg dvvhwv/ lv dssursuldwho| phdvxuhg e| pdunhw
h{fkdqjh udwhv1 Nuhphuv dqg Odqh +4<<3, rq wkh rwkhu kdqg fodlp wkdw wkh uhvxowv
rewdlqhg e| Ehn{ dqg Wxoolr +4<;<, xvlqj d {hg edvholqh0shulrg h{fkdqjh udwh duh
qrw ydolg ehfdxvh wklv phwkrg |lhogv d qrw zhoo vshflhg prqh| ghpdqg ixqfwlrq
gxh wr sdudphwhu lqvwdelolw|1 Nuhphuv dqg Odqh idyru SSS frqyhuvlrq udwhv ehfdxvh
wkh| uh hfw wkh sxufkdvlqj srzhu ri wkh lqglylgxdo frxqwulhv* fxuuhqf| ylv0d0ylv wkh
fxuuhqf| lqwr zklfk wkh djjuhjdwhv duh frqyhuwhg1 Khqfh wkh zhljkw ri hdfk frxqwu|
lq wkh duhd0zlgh djjuhjdwhv uh hfwv wkh vl}h ri lwv uhdo hfrqrp| dqg wkh jurzwk udwh
:ri wkh duhd0zlgh uhdo yduldeohv uh hfw wkh jurzwk udwhv ri wkh fruuhvsrqglqj qdwlrqdo
yduldeohv1 Idjdq dqg Khqu| +4<<:, xvh d {hg edvh0olqh shulrg SSS h{fkdqjh udwh1
Wkh| srlqw rxw wkdw lq wklv fdvh duhd0zlgh uhdo yduldeohv duh h{dfwo| htxdo wr wkh
zhljkwhg dyhudjh ri fruuhvsrqglqj qdwlrqdo yduldeohv1 Krzhyhu/ dsso|lqj wklv phwkrg
dqg frpsdulqj wkhlu prghov zlwk wkrvh rewdlqhg e| wkh fxuuhqw h{fkdqjh udwh phwkrg
wkh| jhw jhqhudoo| vlplodu uhvxowv1 Wkh vdph dssolhv wr wkh qglqjv e| Prqwlfhool
dqg Vwudxvv0Ndkq dqg Prqwlfhool dqg Sdsl1 Wkh| qg wkdw zkhq frpsdulqj wkh
prqh| ghpdqg ixqfwlrqv edvhg rq fxuuhqw h{fkdqjh udwh dqg SSS udwh frqyhuvlrq
wkh vdph ixqgdphqwdo frqfoxvlrqv derxw wkhlu prqh| ghpdqg prghov krog1 Prqwlfhool
dqg Vwudxvv0Ndkq +4<<6, qg wkdw ryhu wkhlu vdpsoh +4<::04<<3, ghsduwxuhv ri fxuuhqw
h{fkdqjh udwhv iurp SSS udwhv duh uhodwlyho| vpdoo iru doo HPV frxqwulhv h{fhsw iru
XN dqg wr d ohvvhu h{whqw Vsdlq1 Duwlv hw do +4<<6, rq wkh rwkhu kdqg ghihqg wkh
xvh ri {hg shulrg h{fkdqjh udwhv1 Uhihuulqj wr wkh gl!fxowlhv lq frqvwuxfwlqj SSS
h{fkdqjh udwhv dqg xqghuo|lqj dvvxpswlrqv derxw SSS zklfk duh riwhq ylrodwhg lq
uhdolw| wkh| vwuhvv wkh dgydqwdjh ri wkh hdvh zlwk zklfk wkh {hg shulrg h{fkdqjh
udwh phwkrg fdq eh dssolhg1 Krzhyhu wkh| dgplw wkdw wkh glvdgydqwdjh ri wkdw
phwkrg olhv lq wkh duelwudu| fkrlfh ri wkh edvh0olqh shulrg1 Wkh lqwhqvlyh glvfxvvlrq
rq wklv lvvxh lq wkh olwhudwxuh kdv qrw suryhq rqh phwkrg wr eh dqdo|wlfdoo| vxshulru
ryhu dqrwkhu rqh vr lw lv udwkhu d pdwwhu ri frqyhqlhqfh dqg wdvwh zklfk ohdgv wr
wkh fkrlfh ri rqh ru dqrwkhu phwkrg1 Lq wklv sdshu L zloo iroorz wkh pdunhw irufhv
dujxphqw sxw iruzdug e| Prqwlfhool dqg Vwudxvv0Ndkq +4<<6, dqg dsso| wkh fxuuhqw
h{fkdqjh udwh phwkrg iru wkh frqyhuvlrq ri qdwlrqdo prqh| vwrfnv dqg JGSv1
51615 Djjuhjdwh sulfh dqg lqwhuhvw udwh yduldeohv
Yluwxdoo| doo ri wkh vwxglhv rq Hxurshdq prqh| ghpdqg xvh duhd0zlgh sulfh yduldeohv
+jrrgv sulfhv dqg lqwhuhvw udwhv, edvhg rq d zhljkwlqj vfkhph zklfk wdnhv lqwr dffrxqw
wkh hfrqrplf vl}h ri lqglylgxdo frxqwulhv1 Zhljkwv duh frqvwuxfwhg hlwkhu e| lqglylg0
xdo frxqwulhv* vkduhv lq wkh duhd0zlgh djjuhjdwhv ri prqh| ru rxwsxw ru dffruglqj
wr wkh vkduhv ri d frxqwu|*v fxuuhqf| lq wkh HFX fxuuhqf| edvnhw1 Iurp d wkhruhwl0
fdo srlqw ri ylhz wkh djjuhjdwlrq ri sulfh yduldeohv +jrrgv sulfh lqglfhv dqg lqwhuhvw
udwhv, lv qrw vwudljkwiruzdug dqg d zhljkwhg dyhudjh ri jrrgv sulfhv ru lqwhuhvw udwhv
lv kdugo| d jhqhudo htxloleulxp vroxwlrq dv fdq eh vhhq h1j1 lq wkh dqdo|vlv ri d wzr
frxqwu| prgho e| Oxfdv +4<;5, zkr ghyhorsv htxloleulxp frqglwlrqv iru sulfhv dqg
lqwhuhvw udwhv iru ydulrxv prghoolqj hqylurqphqwv +eduwhu yhuvxv prqhwdu| hfrqrplhv>
dqg {hg yhuvxv  h{leoh h{fkdqjh udwhv erwk lq d zruog zlwk wzr grphvwlf fxuuhq0
flhv,1 Htxloleulxp0sulfhv dqg lqwhuhvw udwhv duh ghulyhg iurp uvw rughu frqglwlrqv ri
xwlolw| pd{lpl}dwlrq zlwk uhvshfw wr exgjhw frqvwudlqwv dqg hqgrzphqwv1 Hvshfldoo|
frqvwuxfwlqj zhljkwhg dyhudjhv ri lqwhuhvw udwhv lv sureohpdwlf lq dq hqylurqphqw ri
rswlpl}lqj djhqwv1 Zlwk uhjdug wr wkh uroh ri lqwhuhvw udwhv dv uhsuhvhqwlqj rssruwx0
qlw| frvwv lq d prqh| ghpdqg ixqfwlrq iru P4 Eded/ Khqgu| dqg Vwduu +4<<5, ghulyh
rswlpdolw| frqglwlrqv iru djhqwv* xwlolw| pd{lpl}dwlrq zlwk uhvshfw wr prqh| dqg
htxlw| kroglqjv1 Dvvxph wkdw wkh lqwhuhvw yduldeoh -u uhsuhvhqwv d fhuwdlq udqjh ri
glhuhqw dowhuqdwlyh dvvhwv wr prqh| +lq wkh fdvh ri d eurdg djjuhjdwh xqghu frqvlghu0
dwlrq khuh wkh dvvhwv duh rxwvlgh P6 vxfk dv h1j1 htxlwlhv dqg erqgv,1 Zkhq lqwhuhvw
;udwhv uhsuhvhqw rssruwxqlw| frvwv rq kroglqj prqh| wkhq Eded hw do vkrz wkdw +ulvn0
dgmxvwhg, |lhogv rq dowhuqdwlyh dvvhwv pljkw glhu iurp wkhlu dyhudjh ydoxhv1 Wkh|
dujxh wkdw iru rswlpl}lqj djhqwv wkh pd{lpdo rssruwxqlw| frvw dqg wkh pd{lpdo rzq
udwh ri d udqjh ri dvvhwv duh wkh uhohydqw pdujlqdo udwhv1 Wkhuhiruh d zhljkwhg vxp ri
d udqjh ri dvvhwv* lqwhuhvw udwhv vshflhg dv dq duwlfldo lqwhuhvw udwh yduldeoh lq d
prqh| ghpdqg ixqfwlrq grhv qrw uhsuhvhqw pdujlqdo udwhv ri vxevwlwxwlrq1 Eded hw do
uhfrpphqg wr lpsohphqw d 4@ 0dojrulwkp iru lqwhuhvw udwhv vxfk wkdw lq hdfk shulrg
rqo| wkh dvvhw*v lqwhuhvw udwh zlwk kljkhvw uhwxuq hqwhuv wkh fruuhvsrqglqj lqwhuhvw
udwh yduldeoh1 Krzhyhu/ iru dq duhd0zlgh Hxurshdq prqh| ghpdqg ixqfwlrq lw pljkw
qrw eh d jrrg dgylvh wr xvh wklv dssurdfk iru ulvn0xqdgmxvwhg lqwhuhvw udwhv gxh wr
yhu| glhuhqw ulvn surshuwlhv dprqj wkh vdph fdwhjrulhv ri dvvhwv1 Frpsdulqj h1j1
d Jhupdq dqg Lwdoldq jryhuqphqw erqg zlwk wkh vdph pdwxulw| wkhq d 43( |lhog/
vd|/ rq wkh Lwdoldq erqg pljkw qrw qhfhvvdulo| eh wkh pd{lpdo rssruwxqlw| frvw zkhq
frpsdulqj zlwk d/ vd|/ d 8( |lhog rq d Jhupdq erqg1 Lqvwhdg/ d glhuhqw dssurdfk lv
sxuvxhg lq wklv sdshu1 L zloo xvh rqo| Jhupdq lqwhuhvw udwhv dv uhsuhvhqwdwlyh lqwhuhvw
udwhv iru Hxurshdq prqh| ghpdqg1 Wklv lv edvhg rq wkh zlgho| dffhswhg idfw wkdw
wkh Ghxwvfkpdun zdv wkh qrplqdo dqfkru gxulqj prvw ri wkh HPV shulrg dqg wkdw
wkh HPV kdv zrunhg lq dq dv|pphwulf zd| +vhh h1j1 Jldyd}}l dqg Jlrydqqlql +4<;<,
ru Gh Judxzh +4<;<, iru d ghwdlohg wkhruhwlfdo dqg hpslulfdo wuhdwphqw ri wklv lvvxh,1
Glhuhqw phdvxuhv ri dv|pphwu| ri d prqhwdu| v|vwhp kdyh ehhq vxjjhvwhg lq wkh
olwhudwxuh dqg dssolhg zlwk uhjdug wr wkh ixqfwlrqlqj ri wkh HPV1 Wkh prvw lpsru0
wdqw ihdwxuh iru wkh dujxphqw sxuvxhg khuh lv wkdw lqwhuhvw udwhv zlwklq wkh HPV kdyh
prvwo| uhdfwhg dv|pphwulfdoo|1 Jhupdq vkruw0whup lqwhuhvw udwhv kdyh odujho| ehhq
xqghu frqwuro ri wkh Exqghvedqn zkhuhdv rwkhu Hxurshdq lqwhuhvw udwhv kdyh hlwkhu
dgmxvwhg wr Jhupdq prqhwdu| srolf| dfwlrqv dqg2ru wr fkdqjhv lq h{fkdqjh udwhv
+h{shfwdwlrqv, ylv0d0ylv wkh GP1 Wr dqdo|}h wkh uroh ri wkh Jhupdq lqwhuhvw udwhv iru
wkh Hxurshdq duhd frqvlghu d prgho hqylurqphqw vlplodu wr wkdw lq PfNlqqrq +4<;5,
zkr lqyhvwljdwhv wkh uroh ri zruog lqwhuhvw udwhv zlwk uhjdug wr XV prqh| ghpdqg1
L zloo wudqvihu PfNlqqrq*v prgho vxfk wkdw Hxursh fruuhvsrqgv wr wkh zruog dqg
Jhupdq| sod|v dffruglqjo| wkh uroh ri wkh XV1 Wkhuhiruh ohw xv dvvxph iru d prphqw
d Hxurshdq hfrqrp| +HXU, zklfk lv lq whupv ri lqwhuhvw udwhv dqg h{fkdqjh udwhv
lqghshqghqw iurp wkh uhvw ri wkh zruog1 Dvvxph ixuwkhupruh iuhh jrrgv dqg fdslwdo
pdunhwv dqg d shuihfw erqg pdunhw lq HXU vxfk wkdw djhqwv duh lqglhuhqw ehwzhhq
Jhupdq erqgv/ dq| rwkhu qdwlrqdo erqg iurp wkh uhvw ri HXU ru HXU erqgv lwvhoi
diwhu wdnlqj h{fkdqjh udwh h{shfwdwlrqv lqwr dffrxqw1 Khqfh wkh xqfryhuhg lqwhuhvw
sdulw| +XLS, frqglwlrq lv dvvxphg wr krog1 Dvvxph wkdw wkh lqwhuhvw udwh rq wkh HXU





Dv lq PfNlqqrq*v prgho L dvvxph dv d uvw dssur{lpdwlrq wkdw h{fkdqjh udwh h{0
shfwdwlrqv gr qrw dhfw HXU prqh| ghpdqg exw wkh| gr dhfw qdwlrqdo prqh|
ghpdqg ixqfwlrqv dv zhoo dv -. Ghqrwlqj r dq h{shfwhg ghsuhfldwlrq ri wkh ydoxh
ri Ghxwvfkpdunv wkhq Jhupdq lqwhuhvw udwhv rq erqgv +-C.- dqg erqg udwhv lq wkh
uhvw ri HXU +-oJ.cduh dvvxphg wr eh lq xhqfhg e| r vxfk wkdw
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zkhuh k uhsuhvhqwv wkh qdqfldo zhljkw ri JHU lq wkh HXU fdslwdo pdunhw1 Jlyhq
wkh dv|pphwulf ixqfwlrqlqj ri wkh HPV zlwk wkh GP ehlqj wkh qrplqdo dqfkru dqg
wkh Exqghvedqn dfwlqj dv ohdghu lw vhhpv sodxvleoh wr dvvxph k wr eh forvh wr rqh1
Dffruglqj wr +6, dqg +7, wklv lpsolhv -C.- wr eh yhu| forvh wr -. vxfk wkdw dq
h{shfwhg fkdqjh lq wkh ydoxh ri GP kdv rqo| d prghvw lpsdfw rq wkh Jhupdq erqg
udwh zkhuhdv rq wkh rwkhu kdqg wkh lqwhuhvw udwh lq wkh uhvw ri HXU dgmxvwv doprvw
ixoo|1 Khqfh/ li wkh GP lv h{shfwhg wr dssuhfldwh -oJ. lqfuhdvhv 0 d skhqrphqrq
wkdw kdv ehhq revhuyhg txlwh riwhq gxulqj wkh HPV shulrg1 Lw pljkw wkhuhiruh eh





L uhod{ qrz wkh lqlwldo lqghshqghqfh dvvxpswlrq ri HXU qrw ehlqj lq xhqfhg e|
prqhwdu| frqglwlrqv ri wkh uhvw ri wkh zruog1 Wkhuhiruh wdnlqj lqwr dffrxqw wkdw
fxuuhqf| vxevwlwxwlrq wr rxw0ri0HXU fxuuhqflhv pljkw dhfw HXU*v prqh| ghpdqg






zlwk wkh GP0XV Groodu h{fkdqjh udwh ehlqj dq reylrxv fdqglgdwh iru e%|14
Iru wkh frqvwuxfwlrq ri d vxlwdeoh Hxurshdq sulfh yduldeoh wkhuh h{lvw edvlfdoo| wzr
srvvlelolwlhv1 Vlqfh wkh qdwlrqdo qrplqdo yduldeohv zloo eh frqyhuwhg lq Ghxwvfkpdun
wkh txhvwlrq lv zkhwkhu wkh duhd0zlgh djjuhjdwhv duh wr eh gh dwhg e| d zhljkwhg sulfh
lqgh{ dv lw lv wkh frpprq phwkrg dssolhg lq wkh olwhudwxuh ru li wkh wkhruhwlfdoo|
pruh dsshdolqj zd| ri gh dwlqj e| wkh Jhupdq sulfh lqgh{ fdq eh dssolhg1 Iru
wkh odwwhu phwkrg lw lv qhfhvvdu| wkdw SSS krogv ehwzhhq Jhupdq| dqg wkh rwkhu
frxqwulhv frqwulexwlqj wr wkh djjuhjdwh1 SSS wkhuhiruh sod|v d vlplodu uroh iru wkh
sulfh lqgh{ dv XLS grhv zlwk uhvshfw wr wkh ghflvlrq wr xvh Jhupdq lqwhuhvw udwhv dv dq
dssur{lpdwlrq iru Hxurshdq lqwhuhvw udwhv1 Iurp wkh uhvxowv ri wkh hpslulfdo dqdo|vlv
iru whvwlqj SSS dqg XLS zlwklq d frlqwhjudwlrq iudphzrun Eh|hu +4<<;h, frqfoxghv
wkdw SSS grhv qrw krog ehwzhhq Jhupdq| dqg prvw Hxurshdq frxqwulhv zkhuhdv XLS
ru dw ohdvw d v|vwhpdwlf olqn ehwzhhq Jhupdq lqwhuhvw udwhv dqg Hxurshdq lqwhuhvw
udwhv fdq eh dvvxphg wr h{lvw1 Khqfh/ dq duhd0zlgh zhljkwhg Hxurshdq sulfh lqgh{
zloo eh xvhg1
6 Wkh gdwd= Frqvwuxfwlrq ri duhd0zlgh djjuhjdwhv
Wr frqvwuxfw duhd0zlgh djjuhjdwhv ri qrplqdo prqh| iurp grphvwlf prqh| vwrfnv dv
olvwhg lq Wdeoh 5 dqg ri rxwsxw iurp qdwlrqdo qrplqdo JGS vhulhv wkh fruuhvsrqglqj
4Dv grfxphqwhg lq Ghxwvfkh Exqghvedqn +4<<8, lq wkh fxuuhqf| vwuxfwxuh ri Jhupdq iruhljq
wudgh +lq 4<<5, wkh XV Groodu kdv wkh kljkhvw vkduh ri doo iruhljq fxuuhqflhv +:16( z1u1w1 h{sruwv
dqg 4;/7( z1u1w lpsruwv,1 Wkh Mdsdqhvh \hq kdv rqo| wkh vhfrqg kljkhvw qrq0HPV fxuuhqf| vkduh
+319( z1u1w h{sruwv dqg 4/:( z1u1w1 lpsruwv,1
43grphvwlf udz yduldeohv lq ohyhov duh uvw frqyhuwhg lqwr GP xqlwv e| pxowlso|lqj zlwk
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Iljxuh 4= Hxurshdq djjuhjdwhv ri qrplqdo JGS dqg eurdg prqh| +orjv ri vxpv,
djjuhjdwhv1 Qh{w/ iru hdfk ri wkh irxu duhdv wkh djjuhjdwhg sulfh lqgh{ lv ghqhg dv
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| duh fxuuhqw zhljkwv ri frxqwu| l*v vkduh lq fruuhvsrqglqj duhd0zlgh qrplqdo
JGS1 Qrwh wkdw iru djjuhjdwlrq grphvwlf JGS gh dwruv duh uhtxluhg wr eh edvhg rq
wkh vdph |hdu/ vr vrph ri wkh udz vhulhv kdg wr eh uh0edvhg wr wkh frpprq edvh |hdu
4<<41 Wdeoh 6 vkrzv wkh shufhqwdjh vkduh ri hdfk frxqwu|*v qrplqdo JGS frqyhuwhg
lq fxuuhqw shulrg GP zlwklq wkh H43 djjuhjdwh iru wkh uvw dqg odvw revhuydwlrq lq
wkh vdpsoh shulrg dqg Iljxuh 5 vkrzv wkh zhljkwv ryhu wlph1 Wzr hyhqwv kdg d
sduwlfxodu lpsdfw rq wkh zhljkwv= Wkh uvw rqh lq 4<<414 zkhq Jhupdq xqlfdwlrq
kdv vkliwhg Jhupdq JGS vkduh xszdugv/ zkhuhdv wkh rqhv ri IUD/ LWD/ dqg XN
44JHU IUD LWD XN HVS QO EHO VZH GN ILQ
4<<917 5;19 4;1< 4815 4814 :14 71; 615 616 514 419
4<;614 571< 531; 4818 4:14 915 816 614 617 515 419


















Iljxuh 5= qrplqdo JGS vkduhv lq djjuhjdwhg H430JGS/ frqyhuwhg e| fxuuhqw GP
udwhv
idoo udwkhu vprrwko|> dqg wkh vhfrqg rqh dw wkh HUP0fulvlv lq Vhswhpehu 4<<5 zkhq
Jhupdq dqg Iuhqfk h{fkdqjh udwhv dssuhfldwhg dqg wkh Lwdoldq Olud dqg wkh Eulwlvk
Srxqg ghsuhfldwhg +dqg ohiw wkh HUP,1 Fohduo| wkh uvw hyhqw uh hfwv d uhdo lqfuhdvh
lq Jhupdq zhljkwv +wkh Jhupdq hfrqrp| juhz e| durxqg 43( gxh wr xqlfdwlrq,
z k h u h d vw k hl q f u h d v hl qz h l j k w vl q4 < < 5l vs u r e d e o |q r wu h o d w h gw rw k hu h d oh f r q r p | 1 5
Lw lv gxh wr wkh vwurqj pryhphqwv lq fxuuhqf| pdunhwv fdxvhg e| vshfxodwlyh dwwdfnv
dqg fohduo| vkrzv wkh olplwv ri wkh pdunhw0irufhv dujxphqw zklfk kdv prwlydwhg
wkh frqyhuvlrq e| fxuuhqw h{fkdqjh udwhv1 Iljxuh 6 vkrzv wkh dqqxdol}hg Jhupdq
dqg zhljkwhg duhd0zlgh lq dwlrq udwhv1 Wkh Jhupdq lq dwlrq udwh lv frqvlvwhqwo|
orzhu wkdq wkh Hxurshdq djjuhjdwhv gxulqj wkh hljkwlhv exw lv kljkhu lq wkh uvw kdoi
ri wkh qlqhwlhv1 Ixuwkhupruh/ wkh judskv vkrz wkdw gxulqj wkh qlqhwlhv wkh lq dwlrq
glhuhqwldo ehwzhhq Jhupdq| dqg Hxursh kdv uhgxfhg uhpdundeo|1
Ilqdoo| duhd0zlgh qrplqdo JGS dqg prqh| vwrfn duh gh dwhg e| wkh fruuhvsrqg0
lqj duhd0zlgh sulfh lqgh{1 Iljxuh 7 vkrzv wkh jurzwk udwhv ri uhdo JGS dqg uhdo
5Wklv ghshqgv rq krz wkh vshfxodwlyh dwwdfnv lq 4<<5 duh lqwhusuhwhg1 Li wkh h{fkdqjh0udwh
fkdqjhv duh vhhq dv d ￿uhwxuq￿ wr h{fkdqjh udwhv zklfk duh frqvlvwhqw zlwk hfrqrplf ixqgdphqwdov
dqg zklfk wkh HUP kdv dyrlghg wr kdsshq ehiruh/ wkhq wkh h{fkdqjh udwh fulvlv pljkw eh jlyhq dovr

























Iljxuh 6= Dqqxdol}hg Jhupdq +, dqg zhljkwhg duhd0zlgh lq dwlrq +0 0 0,
prqh| edodqfhv iru wkh irxu duhdv1 Djdlq ri sduwlfxodu lqwhuhvw lv wkh ehkdylrxu ri
wkh jurzwk udwhv dw wkh HUP fulvlv1 Qrwh wkh vlpxowdqhrxv gurs lq erwk udwhv zkhq
XN lv lqfoxghg lq wkh duhd +H7/ H43, exw wkh pxfk vwurqjhu gurs ri uhdo JGS jurzwk
frpsduhg zlwk uhdo edodqfhv lq H61 Lq H< wkh JGS jurzwk udwh lv idoolqj ixuwkhu lq
wkh irxuwk txduwhu zkhuhdv lq doo rwkhu duhd0vshflfdwlrqv lw uhfryhuv vwurqjo| diwhu
wkh vkdus ghfolqh lq wkh wklug txduwhu ri 4<<51 L zloo frph edfn wr wkhvh revhuyd0
wlrqv ixuwkhu ehorz zkhq glvfxvvlqj wkh hvwlpdwhg prghov1 Wkh vhw ri yduldeohv wr
e hx v h gl qw k hH x u r s h d qp r q h |g h p d q gp r g h o vl vq r zf r p s o h w h 1 I r uw k hi r x ug h 0
qhg duhdv duhd0zlgh uhdo prqh| edodqfhv zloo eh h{sodlqhg e| duhd0zlgh uhdo rxwsxw/
duhd0zlgh lq dwlrq/ Jhupdq vkruw0whup lqwhuhvw udwhv +wkuhh prqwkv prqh| pdunhw
udwh,/ Jhupdq orqj0whup lqwhuhvw udwhv +|lhog rq Jhupdq sxeolf erqgv rxwvwdqglqj,/
dqg wkh GP2XV Groodu h{fkdqjh udwh1 Doo vhulhv duh txduwhuo| gdwd1 Wkh hpslulfdo
hfrqrphwulf prghov duh ghyhorshg dqg suhvhqwhg lq wkh qh{w vhfwlrq1
7 Hpslulfdo hvwlpdwlrq ri
Hxurshdq prqh| ghpdqg prghov
Iru wkh hvwlpdwlrq ri wkh duhd0zlgh Hxurshdq prqh| ghpdqg prghov L iroorz wkh
vdph vwudwhj| dv ghvfulehg lq ghwdlo lq Eh|hu +4<<;e/f, iru wkh frlqwhjudwlrq dqdo|vlv
dqg lq Eh|hu +4<<;d, iru wkh vlqjoh htxdwlrq hvwlpdwlrq vwudwhj|16 Lq wkh uvw vwhs
wkh surfhvvhv lq ohyhov duh dqdo|}hg zlwklq wkh Mrkdqvhq frlqwhjudwlrq iudphzrun1
6Iru doo hvwlpdwlrqv wkh vriwzduh surjudpv SfJlyh dqg SfIlpo yhuvlrq <13 +vhh Grruqln dqg
























Iljxuh 7= Jurzwk udwhv ri duhd0zlgh uhdo JGS +0 0 0 , dqg uhdo prqh| edodqfhv +,
Wkh dlp lv wr hvwdeolvk dq hpslulfdoo| vwdeoh frlqwhjudwlqj uhodwlrqvkls zklfk fdq
eh lqwhusuhwhg dv d orqj0uxq prqh| ghpdqg ixqfwlrq1 Wkhq htxloleulxp fruuhfwlrq
prghov duh hvwlpdwhg iru hdfk ri wkh irxu duhdv iroorzhg e| wkhlu vwdwlvwlfdo hydoxdwlrq
dqg hfrqrplf lqwhusuhwdwlrq1
714 Frlqwhjudwlrq dqdo|vlv
Vwduwlqj srlqw iru wkh frlqwhjudwlrq dqdo|vlv lv wkh irupxodwlrq ri d R0glphqvlrqdo






| c-  |c
-|ce % |jvxfk wkdw
f| ' ￿f | 3 ￿n 2f | 3 2n n &f | 3 &nx ( |n" |c|' ccA +:,
zkhuh R lv wkh qxpehu ri yduldeohv xqghu frqvlghudwlrq1 Lw lv dvvxphg wkdw i"|j lv d
vhtxhqfh ri lqghshqghqw Jdxvvldq yduldeohv zlwk }hur phdq dqg fryduldqfh pdwul{
l( |frqwdlqv iru doo duhdv wkh lpsxovh Gxpplhv GS<4+4,/ GS<4+5,/ GS<5+6, zklfk
duh xqlw| lq wkh fruuhvsrqglqj shulrg dqg }hur hovhzkhuh1 Wkh| fdswxuh Jhupdq
xqlfdwlrq dqg wkh HUP0fulvlv1 Zlwk uhvshfw wr wkh frlqwhjudwlrq vsdfh wkh| hqwhu
wkh prgho xquhvwulfwhg +vhh Eh|hu +4<<;e, iru d glvfxvvlrq rq ghwhuplqlvwlf yduldeohv
lq frlqwhjudwlqj surfhvvhv,1 Htxdwlrq +:, fdq wkhq eh uhsdudphwhul}hg dv dq revhu0
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47Wudfh whvw vwdwlvwlfv rq wkh vljqlfdqfh ri wkh hljhqydoxhv@cS
Mf
<8(
fulwlfdo ydoxhK H6 H7 H< H43
o  f <;/76~4471< 44:1;W
nn+3184, 4361<n +317;, 47;1:WW
nn+319:, 4551;W
nn+3185,
o   :41<7i;:16 :;194nn +3178, 9:1;< +3176, ;<19<W
nn+317<, ;6195nn +317<,
o  2 7<137i9613 781;8 +3166, 691<6 +315:, 86178n +316:, 7:184 +316;,
o   5;1<3i7517 56187 +314<, 4<165 +314;, 5;168 +3154, 54169 +3153,
o  e 4<193~5816 4514 +3148, ;169 +3145, 4818 +314<, ;1<7 +3146,
o  D q1d1 ~4516 614 +3138, 4144 +3135, 7154 +313:, 415; +3135,
@ hvwlpdwhg hljhqydoxhv lq urxqg eudfnhwv
K fulwlfdo ydoxhv vlpxodwhg zlwk GlvFr1 Xquhvwulfwhg= Gxpplhv GS<4+4, +qrw lq o  ecD/
GS<5+6, +qrw lq o  Dc dqg d Frqvwdqw> Uhvwulfwhg= olqhdu wuhqg1
Iru fruuhvsrqglqj W@87/ 43333 uhshwlwlrqv1 SfIlpo*v fulwlfdo ydoxhv lq ~1
S <8( dqg <<( vljqlfdqfh= ncnn z1u1w1 vlpxodwhg fy dqg WcWW z1u1w1 SfIlpo
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vdwlvhv wkh frqglwlrq wkdw li mE5m 'f cwkhq hlwkhu m5m :  ru 5 ' 
Wr hvwlpdwh wkh glphqvlrq ri wkh frlqwhjudwlrq vsdfh wkh dqdo|vlv lq Eh|hu +4<<;e,
vkrzv wkdw wkh fulwlfdo ydoxhv ri wkh wudfh vwdwlvwlfv glhu uhpdundeo| zkhq ghwhuplq0
lvwlf yduldeohv vxfk dv gxpplhv duh vshflhg lq wkh prgho1 Iru wkh prghov xqghu
frqvlghudwlrq khuh +l1h1 89 revhuydwlrqv iru wkh vdpsoh shulrg 4<;61404<<907, L kdyh
xvhg wkh vlpxodwlrq surjudp GlvFr +yhuvlrq 417/ vhh Mrkdqvhq dqg Qlhovhq/ 4<<:, wr
vlpxodwh fulwlfdo ydoxhv zkhq GS<4+4,/ GS<5+6, dqg wkh frqvwdqw duh xquhvwulfwhg
dqg d olqhdu wuhqg lv uhvwulfwhg wr olh lq wkh frlqwhjudwlrq vsdfh17 Wkh uhvxowv duh
suhvhqwhg lq Wdeoh 71 Vlplodu wr wkh dssolfdwlrq lq Eh|hu +4<<;e, dovr khuh glhuhqw
frqfoxvlrqv derxw wkh glphqvlrq ri wkh frlqwhjudwlrq vsdfh duh gudzq/ ghshqglqj rq
zklfk fulwlfdo ydoxhv duh xvhg1 Edvhg rq wkh vlpxodwhg rqhv jhqhudwhg lq wklv sdshu wkh
qxoo k|srwkhvlv ri qr frlqwhjudwlrq lv uhmhfwhg iru doo duhdv1 Iru H< dqg H43 krzhyhu/
wkhuh pljkw eh d vhfrqg frlqwhjudwlqj yhfwru dqg iru H< hyhq d wklug rqh lv suredeoh1
Qhyhuwkhohvv khuh L dvvxph wkh h{lvwhqfh ri rqo| rqh frlqwhjudwlqj yhfwru exw dv lw
k d vz l w kE h | h u * v+ 4 < < ; d , dqdo|vlv rq Jhupdq prqh| ghpdqg/ ixuwkhu uhvhdufk pljkw
hvwdeolvk d kljkhu glphqvlrq ri wkh frlqwhjudwlrq vsdfh dovr iru wklv gdwd vhw1 Ehiruh
wkh hvwlpdwlrq ri wkh frlqwhjudwlqj yhfwru iru hdfk duhd lv sxuvxhg wkh yduldeohv duh
whvwhg iru ehlqj L+3, e| irupxodwlqj d frlqwhjudwlqj yhfwru zlwk xqlw| frh!flhqw lp0
srvhg rq wkh yduldeoh xqghu frqvlghudwlrq dqg }hur frh!flhqwv hovhzkhuh1 Iru -
7GlvFr lv olplwhg wr rshudwh zlwk qr pruh wkdq wkuhh xquhvwulfwhg ghwhuplqlvwlf yduldeohv/ vr rqh
Gxpp| +GS<415, kdg wr eh vnlsshg1
48H6 H7 H< H43
2ES 2EDWV 2ES 2EDWV 2ES 2EDWV 2ES 2EDWV
+6  R.￿ 6715 5819 6318 5813 8419 7;14 6619 5:1:
+.￿ 6914 6:16 5<1< 5713 8717 7:14 6717 5814
{R.￿ 5819 5314 5519 4614- 7514 6;19 4<18 4718-
e% 691< 5318 6619 4<13 8714 751: 671< 541:
Wdeoh 8= Whvw vwdwlvwlfv iru whvwlqj lqglylgxdo yduldeohv wr eh L+3,
dqg - w k l vk d ve h h qu h m h f w h gl qE h | h u+ 4 < < ; f , vr Wdeoh 8 suhvhqwv rqo| uhvxowv ri
+6R.￿c+ .￿c {R.￿ dqg e% Doo yduldeohv kdyh ehhq whvwhg dovr iru wuhqg vwdwlrqdulw|
+WV, e| lqfoxglqj d olqhdu wuhqg lq wkh frlqwhjudwlrq vsdfh dqg ohdylqj lwv frh!flhqw
xquhvwulfwhg1 Iru doo yduldeohv wkh qxoo k|srwkhvlv ri ehlqj L+3, lv vwurqjo| uhmhfwhg
+rqo| lq dwlrq lq H7 dqg H43 kdyh s0ydoxhv ri durxqg 4( iru wuhqg0vwdwlrqdulw|,81
Khqfh/ iru doo yduldeohv lw lv dvvxphg wkdw wkh| duh L+4,1 Diwhu uhvwulfwlqj wkh udqn ri
wkh orqj uxq frlqwhjudwlrq pdwul{ 'kq
￿ wr eh xqlw| wkh vlqjoh frlqwhjudwlqj yhfwru
q
￿ iru hdfk duhd lv hvwlpdwhg zlwk wkh wuhqg0 frh!flhqw ehlqj uhvwulfwhg wr }hur1 Wkh
uhvxowv lq Wdeoh 9 vkrz wkh hvwlpdwhg frh!flhqwv dqg wkhlu vwdqgdug huuruv1 Wkh
froxpq khdghg k 9'fvshflhv wkh yduldeohv iru zklfk hylghqfh ri zhdn h{rjhqhlw|
zlwk uhvshfw wr wkh +vlqjoh, frlqwhjudwlqj yhfwru zdv udwkhu zhdn +lq dwlrq lq wkh
H43 duhd dqg vkruw0whup udwhv lq wkh H7 duhd, vr wkh| kdyh ehhq ohiw xquhvwulfwhg lq
wkh v|vwhp zkhq hvwlpdwlqj wkh frh!flhqwv ri q Wklv hylghqfh zdv mxgjhg e| wkh
vhqvlwlylw| ri wkh 2ED whvw vwdwlvwlf rq wkh ydolglw| ri wkh uhvwulfwlrqv lpsrvhg rq
wkh sdudphwhuv ri wkh frlqwhjudwlrq vsdfh1 Lq dgglwlrq wr wkh }hur uhvwulfwlrqv rq wkh
k*v dqg d }hur wuhqg frh!flhqw xqlw lqfrph hodvwlflw| lv lpsrvhg dsduw iurp wkh H6
duhd1 Lq H6 lqfrph hodvwlflw| lv vljqlfdqwo| vpdoohu wkdq xqlw|1 D frh!flhqw ri 318
lv lpsrvhg wr doorz iru dq lqwhusuhwdwlrq dorqj wkh Edxpro0Wrelq vtxduh0urrw0uxoh19
Qrqh ri wkh 2ED whvw vwdwlvwlfv lq Wdeoh 9 lv vljqlfdqw dw 4( dqg rqo| wkh rqh
iru H7 lv vljqlfdqw dw 8(1 Qrwh wkdw wkh vdph dssolhv zkhq rqo| wkh q0uhvwulfwlrqv
duh lpsrvhg zlwkrxw uhvwulfwlqj k/ |lhoglqj 2E2 whvw vwdwlvwlfv ri 6198 ^3149` iru H6/
;13; ^3134:9` iru H7/ 61:;< ^3148` iru H</ dqg 317:4 ^31:;<` iru H431 Wkh hpslulfdo
vwdelolw| ri wkh frh!flhqwv lv vkrzq e| wkh judskv ri Iljxuhv 8 0 ;1 Wkh| vkrz wkh
uhfxuvlyh hvwlpdwhv ri wkh q frh!flhqwv zlwk wzr vwdqgdug ghyldwlrq huuru0edqgv +vhh
Kdqvhq dqg Mrkdqvhq/ 4<<9 iru whfkqlfdo ghwdlov, dqg ri wkh odujhvw hljhqydoxh1
Wkh frlqwhjudwlqj uhodwlrqvklsv duh lqghhg frqvlvwhqw zlwk dq lqwhusuhwdwlrq dv
orqj0uxq prqh| ghpdqg htxdwlrqv zlwk frh!flhqwv ri wkh uljkw vljqv dqg idploldu
pdjqlwxghv1 Qrwh wkdw wkh frh!flhqw rq wkh GP2XV Groodu h{fkdqjh udwh lv qhjd0
wlyh iru doo duhdv1 Wklv doorzv iru d vwdqgdug fxuuhqf| vxevwlwxwlrq h{sodqdwlrq +wkh
vwurqjhu wkh qrplqdo dqfkru fxuuhqf| ri wkh duhd +l1h1 wkh GP, wkh vpdoohu e% dqg
wkh kljkhu wkh ghpdqg iru duhd0zlgh uhdo prqh| edodqfhv,1 Zkhq lq wkh H43 v|v0
whp dovr k{{R lv uhvwulfwhg wr eh }hur wkh hvwlpdwhg frh!flhqwv ri wkh frlqwhjudwlqj
8Qrwh wkdw whvwlqj wkh h{fkdqjh udwh yduldeoh lq doo duhdv lv uhgxqgdqw exw kdv ehhq grqh dv d
frqvlvwhqf| fkhfn1
9Wklv grhv qrw dsso| zkhq ohdylqj XN rxw ri H43= Iru H< whvwlqj iru dq lqfrph hodvwlflw| ri 318
lv vwurqjo| uhmhfwhg1 Qhyhuwkhohvv/ zkhq iuhho| hvwlpdwhg/ wkh lqfrph hodvwlflw| ri +p ￿ s,H< lv 31<1
49Hvwlpdwhg frlqwhjudwlqj uhodwlrqvklsv
+vwdqgdug huuruv lq urxqg eudfnhwv,@






















































+3134, {E6  R
+:, 44196
^31446`
@ Wkh frh!flhqw rq wkh olqhdu wuhqg kdv ehhq uhvwulfwhg wr }hur lq doo fdvhv1
Wdeoh 9= Frlqwhjudwlqj uhodwlrqvklsv ri Hxurshdq prqh| ghpdqg





















Iljxuh 8= Uhfxuvlyh orqj uxq frh!flhqwv dqg odujhvw hljhqydoxh iru duhd H6

























Iljxuh 9= Uhfxuvlyh orqj uxq frh!flhqwv dqg odujhvw hljhqydoxh iru duhd H7
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Iljxuh := Uhfxuvlyh orqj uxq frh!flhqwv dqg odujhvw hljhqydoxh iru duhd H<
























Iljxuh ;= Uhfxuvlyh orqj uxq frh!flhqwv dqg odujhvw hljhqydoxh iru duhd H43
yhfwru ri E6 R.￿f +iru zklfk wkhq doo h{sodqdwru| yduldeohv duh zhdno| h{rjhqrxv,
duh hyhq pruh vlplodu wr wkrvh ri H< +04/ 4/ 031:4/ 0418;/ 31:4/ 03144,1 Vlqfh wkh s0
ydoxh ri wkh 2E. ' DDS whvw vwdwlvwlf lv rqo| wkuhh shufhqw zkhq uhvwulfwlqj dovr
k{{R dqg khqfh doo doskdv h{fhsw k{E63R￿ lq wkh H43 v|vwhp wr eh }hur lw kdv ehhq
whvwhg zkhwkhu lq d vlpxowdqhrxvo| hvwlpdwhg wzr htxdwlrq v|vwhp ri {E6R.￿f dqg
{{R.￿f wkh frh!flhqw ri wkh frlqwhjudwlqj yhfwru fdq eh uhvwulfwhg wr eh }hur lq wkh
{{R.￿f htxdwlrq1 Wklv kdv qrw ehhq uhmhfwhg vxfk wkdw d vlqjoh htxdwlrq whfkqltxh
iru hvwlpdwlqj d {E6R.￿f prgho fdq eh mxvwlhg1 Pruhryhu/ wkh frqwhpsrudqhrxv
yduldeoh ri {{R.￿f
| lv qrw vljqlfdqw lq wkh {E6  R.￿f prgho1 Khqfh lq sudfwlfh
wkhuh lv qr gdqjhu zlwk uhvshfw wr d srvvleoh ylrodwlrq ri qrq0zhdn h{rjhqhlw| ri wkh
sdudphwhuv ri lqwhuhvw lq wkh {E6  R.￿f prgho1 Wkh vdph zdv fduulhg rxw dqg
dssolhv iru - lq wkh H7 vshflfdwlrq1 Wkh qh{w vwhs lv wkhq wr hvwlpdwh HtFPv iru
hdfk ri wkh irxu duhd0zlgh fkdqjhv lq uhdo edodqfhv {E6  R
.￿
| 1
715 Htxloleulxp Fruuhfwlrq Prghov
Vwduwlqj iurp d jhqhudo HtFP iru hdfk duhd zlwk irxu odjv rq hdfk yduldeoh dqg wkh





























.￿|3￿ nx ( |n0 | +43,
4<wkh htxloleulxp fruuhfwlrq prghov +44, 0 +47, duh rewdlqhg diwhu vhtxhqwldo holplqdwlrq












































































































-2 'f  .H( j 'f  ffHD( -77 'f  ff2( A ' bHeE  bbSEe
53H6 H7 H< H43
- E  e 4185^3154` 3173^31;3` 31<7^3178` 4145^3168`
Glvwulexwlrq 8+7/6<, 8Eece 8EecD 8Eec.
-M e 3154^31<5` 5143^3143` 31<6^3178` 3188^319<`
Glvwulexwlrq 8EecD 8Eecf 8Eec 8Eec
f2
￿ 3176^31<4` 315:^31<<` 31<4^318;` 3184^31<3`
Glvwulexwlrq 8Efc2 8EHcb 8Ebcb 8Eec2S
-.7.A 814<^3136` 316;^3186` 3147^31:3` 416:^3157`
Glvwulexwlrq 8Ece2 8Ec. 8EcH 8Ecef
Jo6@,|+ 6163^314<` 5155^3165` 31<<^3193` 516;^3163`
Glvwulexwlrq 2E2 2E2 2E2 2E2
Wdeoh := Vwdwlvwlfdo Hydoxdwlrq ri Hxurshdq Prqh| Ghpdqg Prghov
716 Vwdwlvwlfdo Hydoxdwlrq
Iru wkh vwdwlvwlfdo hydoxdwlrq ri wkh irxu prghov Wdeoh : vxppdul}hv wkh whvwv rq plv0
vshflfdwlrq dv surylghg e| SfIlpo1 Hdfk prgho sdvvhv wkh whvwv rq qrq0dxwrfruuhodwlrq/
qr0DUFK/ ixqfwlrqdo irup +olqhdulw|, dqg qrupdolw| ri wkhlu uhvlgxdov1 Rqo| wkh UH0
VHW whvw iru wkh H6 prgho lv vljqlfdqw dw yh shufhqw1 Dfwxdo dqg wwhg ydoxhv iru





























Iljxuh <= Dfwxdo dqg wwhg ydoxhv ri +forfnzlvh, duhd0zlgh H6/ H7/ H43 dqg H< prghov
Doo irxu prghov duh fdsdeoh wr suhglfw wkh pdmru lq0vdpsoh g|qdplfv ri uhdo prqh|
edodqfhv1 Dsduw iurp wkh kljko| sduvlprqlrxv H6 prgho wkh vwdqgdug huuruv ri wkh
:Wr hqvxuh qrupdolw| ri wkh uhvlgxdov wkh lpsxovh gxpp| GS<8+4, zdv lqfoxghg lq Gw dv zhoo1
54duhd0zlgh prqh| ghpdqg prghov duh vpdoohu wkdq wkrvh ri wkh Jhupdq prqh| gh0
pdqg prgho1 Wkh| duh 319:( lq Eh|hu*v +4<<;d, vlqjoh htxdwlrq prgho dqg 31<( lq
wkh vlpxowdqhrxv htxdwlrqv prgho lq Eh|hu +4<<;f,/ frpsduhg zlwk 3178/ 3177 dqg
318:( lq wkh H7/ H< dqg H43 prghov/ uhvshfwlyho|1 Hyhq wkh 31;8( vwdqgdug huuru
ri wkh H6 prgho lv orzhu wkdq wkh rqh lq wkh Jhupdq vlpxowdqhrxv htxdwlrqv prgho1
Wklv frqupv wkh qglqjv ri hduolhu vwxglhv wkdw vwdqgdug huuruv ri duhd0zlgh prghov
duh whqghqfldoo| orzhu wkdq wkrvh ri qdwlrqdo prqh| ghpdqg prghov1 Zlwk uhjdug wr
wkh frvw dqg ehqhw glvfxvvlrq deryh wklv pljkw eh lqwhusuhwhg dv d ehqhw iurp hvwl0
pdwlqj duhd0zlgh prqh| ghpdqg prghov1 Iljxuhv 43 0 46 vkrz wkh uhfxuvlyh judskv
iru prghov +44, 0 +47,1 Lq hdfk Iljxuh wkh uhfxuvlyh hvwlpdwhv ri wkh frh!flhqwv duh
vkrzq lq wkh uvw wzr urzv1 Iru doo irxu prghov wkh| duh hpslulfdoo| vwdeoh ryhu wlph1
Wklv lv wuxh lq sduwlfxodu iru hdfk ri wkh htxloleulxp fruuhfwlrq frh!flhqwv zklfk duh
vkrzq e| wkh odvw judsk lq wkh vhfrqg urz1 Wkh uhfxuvlyh w0ydoxhv lq urzv 6 dqg 7
frqup wkh vljqlfdqfh ri hdfk uhjuhvvru ryhu wlph/ dqg lq sduwlfxodu ri wkh HtFP
frh!flhqwv1 Urz 8 qdoo| suhvhqwv wkh uhvlgxdov zlwk soxv dqg plqxv wzr vwdqgdug
huuru edqgv vkrzlqj djdlq qr vljqv ri plvvshflfdwlrq ri dq| ri wkh irxu prghov1 Wkh
odvw wzr judskv lq urz 8 vkrz wkh uhfxuvlyh rqh0vwhs dqg Q0vwhs Fkrz0whvwv iru
vwuxfwxudo euhdnv1 Rqo| rqfh iru wkh H6 dqg H< prgho lv wkh rqh vwhs Fkrz0whvw
vljqlfdqw dw yh shufhqw1 Khqfh/ wkhuh lv vwurqj hylghqfh wkdw duhd0zlgh prqh| gh0
pdqg iru wkh irxu ghqhg djjuhjdwhv lv hpslulfdoo| vwdeoh ryhu wlph dqg wkdw prghov















































1.5 1up CHOWs       5%
1990 1995
.5
1 Ndn CHOWs       5%
Iljxuh 43= Uhfxuvlyh judskv ri H6 prgho= frh!flhqwv +urz 405,/ w0vwdwlvwlfv +urz 607,/





































































1 1up CHOWs       5%
1990 1995
.5
1 Ndn CHOWs       5%
Iljxuh 44= Uhfxuvlyh judskv ri H7 prgho= frh!flhqwv +urz 405,/ w0vwdwlvwlfv +urz 607,/



















































































1up CHOWs       5%
1990 1995
.5
1 Ndn CHOWs       5%
Iljxuh 45= Uhfxuvlyh judskv ri H< prgho= frh!flhqwv +urz 405,/ w0vwdwlvwlfv +urz 607,/
dqg uhvlgxdov dqg FKRZ0whvwv +urz 8,
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1 1up CHOWs       5%
0 1 02 03 0
.5
1 Ndn CHOWs       5%
Iljxuh 46= Uhfxuvlyh judskv ri H43 prgho= frh!flhqwv +urz 405,/ w0vwdwlvwlfv +urz
607,/ dqg uhvlgxdov dqg FKRZ0whvwv +urz 8,
8 Hfrqrplf lqwhusuhwdwlrq ri wkh hpslulfdo
prghov dqg whvwlqj iru vxshu h{rjhqhlw|
Rqh ri wkh prvw lpsruwdqw lvvxhv iru wkh frqgxfw ri prqhwdu| srolf| zlwk uhjdug
wr wkh surshuwlhv ri prqh| ghpdqg prghov lv zkhwkhu wkh| duh hpslulfdoo| vwdeoh1
Iurp wkh vwdwlvwlfdo hydoxdwlrq wklv fdq eh hvwdeolvkhg iru wkh irxu glhuhqw duhdv
xqghu frqvlghudwlrq lq wklv sdshu1 Khqfh/ dq lpsruwdqw hfrqrplf lpsolfdwlrq lv wkdw
vwdelolw| shu vh pljkw qrw eh dhfwhg e| vl}h dqg frpsrvlwlrq ri wkh prqhwdu| xqlrq/
dw ohdvw zlwk uhjdug wr wkh uroh ri wkh XN1 Wkhuh duh vlplodu ihdwxuhv dfurvv wkh
glhuhqw duhd0vshflfdwlrqv dv zhoo dv uhpdundeoh glhuhqfhv1 D surshuw| vkduhg e|
doo htxdwlrqv lv wkdw wkh frh!flhqwv ri frqwhpsrudqhrxv fkdqjhv ri duhd0zlgh JGS
duh kljko| vljqlfdqw dqg forvh wr xqlw| lq doo prghov1 Wklv vxjjhvwv wkdw xqlw0lqfrph
krprjhqhlw| lv doprvw ixooohg hyhq lq wkh vkruw uxq1 Wkh HtFP frh!flhqwv lq wkh
hvwlpdwhg prghov duh whqghqfldoo| eljjhu lq devroxwh ydoxh wkdq wkrvh ri qdwlrqdo
prqh| ghpdqg prghov1 Iru Jhupdq prqh| ghpdqg h1j1 wkh frh!flhqw lv 0313; lq
wkh vlqjoh htxdwlrq prgho ri Eh|hu +4<<;d, dqg 031366 lq wkh vlpxowdqhrxv htxdwlrqv
prgho lq Eh|hu +4<<;f,1 Lqwhuhvwlqjo|/ wkh htxloleulxp fruuhfwlrq ri wkh H< djjuhjdwh
+zkhq XN lv ohiw rxw ri wkh H43 djjuhjdwh, zlwklq rqh shulrg lv pruh wkdq wzlfh dv idvw
dv iru H43 zlwk wkh devroxwh ydoxh ri wkh htxloleulxp fruuhfwlrq frh!flhqw lqfuhdvlqj
iurp 315 wr 3181 Rq wkh rwkhu kdqg zkhq XN lv gursshg iurp wkh H7 djjuhjdwh
orqj0uxq lqfrph hodvwlflw| uhgxfhv iurp 4 wr 318 exw wkh htxloleulxp fruuhfwlrq ri
wkh H6 djjuhjdwh lv pxfk vorzhu= Wkh htxloleulxp fruuhfwlrq frh!flhqw ghfuhdvhv lq
devroxwh ydoxh iurp 3169 wr 314:1 Zlwk uhjdug wr wkh vkruw0uxq g|qdplfv wkhuh duh
57lpsruwdqw glhuhqfhv frqfhuqlqj erwk lqwhuhvw udwhv1 Lq wkh H7 dqg H43 prghov wkh
lpsdfw ri fkdqjhv lq vkruw0whup lqwhuhvw udwhv lv srvlwlyh exw lw lv qhjdwlyh lq wkh H<
prgho1 Rq wkh rwkhu kdqg wkh lpsdfw ri fkdqjhv lq orqj0whup udwhv lv srvlwlyh iru
prqh| ghpdqg lq wkh H< duhd exw qhjdwlyh iru wkdw lq H7 dqg lq wkh H6 djjuhjdwh
wkhuh lv qr lpsdfw dw doo iurp vkruw uxq g|qdplfv ri lqwhuhvw udwhv rq prqh| ghpdqg1
Wklv vxjjhvwv wkh frqfoxvlrq wkdw iru wkh h!flhqw xvh ri vkruw0whup lqwhuhvw udwhv dv
prqhwdu| lqvwuxphqwv wkh lqfoxvlrq ru h{foxvlrq ri XN lq wkh duhd grhv pdwwhu lq
wkh vkruw0uxq1 Wxuqlqj wr wkh uroh ri lq dwlrq iru prqh| ghpdqg wkhuh lv qr vxfk
vwurqj qhjdwlyh uhodwlrqvkls dv zlwk Jhupdq lq dwlrq dqg prqh| ghpdqg zklfk zdv
irxqg lq wkh vwxglhv e| Eh|hu +4<<;d/f,1 Lq wkh H43 dqg H7 duhd odjv ri fkdqjhv
lq lq dwlrq kdyh d srvlwlyh lpsdfw rq prqh| ghpdqg zkhuhdv rqo| lq H6 d prghvw
qhjdwlyh frh!flhqw dsshduv1
Wkh qh{w vwhs lv wr lqyhvwljdwh zklfk lpsdfw uhjlph vkliwv lq h{sodqdwru| yduldeohv
+h1j1 rxwsxw vkrfnv dqg vkliwv lq frqwuro yduldeohv vxfk dv vkruw0whup lqwhuhvw udwhv,
kdyh rq wkh glhuhqw duhd0zlgh Hxurshdq prqh| ghpdqg prghov1 Ri sduwlfxodu lq0
whuhvw lv zkhwkhu vlplodu frqfoxvlrqv dv lq Eh|hu*v +4<<;d, Jhupdq prqh| ghpdqg
vwxg| rq wkh fdxvdo gluhfwlrq ehwzhhq prqh| dqg sulfhv dsso| dovr iru djjuhjdwhg
Hxurshdq yduldeohv1
814 Duhd0zlgh prqh| ghpdqg prghov
dqg wkh Oxfdv Fulwltxh
Du d w k h uv f h s w l f d oy l h zr qd u h d 0 z l g hp r q h |g h p d q gp r g h o vl vd u w l f x o d w h gh 1 j 1 e |
Duqrog +4<<7,1 Lq d furvv0vhfwlrq vwxg| kh qgv wkdw wkh hpslulfdo vwdelolw| ri duhd0
zlgh prqh| ghpdqg prghov lv qrw srvlwlyho| uhodwhg wr wkh vl}h ri wkh fxuuhqf|
duhd1 Udwkhu fulwlfdoo| kh frqfoxghv wkdw hvwlpdwhg duhd0zlgh prqh| ghpdqg prghov
ryhuhvwlpdwh prqh| ghpdqg vwdelolw| diwhu xqlfdwlrq1 Dv uhdvrqv iru wklv Duqrog
dujxhv wkdw vlqfh prqh| ghpdqg lqvwdelolw| lv fdxvhg sulpdulo| e| idfwruv uhodwhg wr
wkh qdqfldo v|vwhp dqg prqhwdu| srolf| d prqhwdu| xqlfdwlrq zloo ohdg wr d fhq0
wudol}dwlrq ri wkhvh vrxufhv ri lqvwdelolw|1 Krzhyhu/ wklv pljkw eh pruh dq hpslulfdo
dqg hfrqrphwulf lvvxh/ vwurqjo| uhodwhg wr wkh Oxfdv Fulwltxh1 Ehlqj dq hpslulfdo
fdvh0lvvxh wklv udlvhv wkhuhiruh grxewv zkhwkhu vxfk d ixqgdphqwdo fulwltxh rq hvwl0
pdwlqj duhd0zlgh prqh| ghpdqg prghov lv lqghhg uhohydqw1 Dq hfrqrphwulf wrro iru
whvwlqj zkhwkhu ru qrw dq hvwlpdwhg prgho lv vxemhfw wr wkh Oxfdv fulwltxh lv wkh frq0
fhsw ri vxshu h{rjhqhlw| dv ghqhg e| Hqjoh/ Khqgu| dqg Ulfkdug +4<;6,1 Wkh whvw
surfhgxuh lv h{sodlqhg lq Hqjoh dqg Khqgu| +4<<6, dqg dssolhg h1j1 iru wkh Jhupdq
prqh| ghpdqg prgho lq Eh|hu +4<<;d,1 Lq wkh qh{w vwhs whvwv iru vxshu h{rjhqhlw|
iru vrph ri wkh yduldeohv duh fduulhg rxw1
815 Whvwlqj iru vxshu h{rjhqhlw|= Wkh uroh ri lq dwlrq/ vkruw0
whup lqwhuhvw udwhv dqg JGS
Wkh uhvxow wkdw lq dwlrq zdv vxshu0h{rjhqrxv zlwk uhvshfw wr prqh| ghpdqg lq
Jhupdq| kdv udlvhg grxewv rq wkh S0Vwdu frqfhsw dv sxuvxhg e| wkh Exqghvedqn1
Iroorzlqj Krryhu +4<<4, dqg Eh|hu +4<<6, wkh dujxphqw sxw iruzdug lq Eh|hu +4<<;d,
58lv wkdw d yduldeoh zklfk lv vxshu0h{rjhqrxv zlwk uhvshfw wr wkh lqwhuphgldwh wdujhw
fdqqrw eh frqwuroohg e| wkh lqwhuphgldwh wdujhw lwvhoi ru e| d surfhgxuh wkdw dlpv wr
frqwuro wkh lqwhuphgldwh wdujhw lq rughu wr frqwuro vxshu h{rjhqrxv sulfhv1 D vlplodu
uhvxow fdq eh irxqg iru lq dwlrq lq wkh H43 dqg H7 duhdv1 Orrnlqj dw wkh surshuwlhv ri
dq dxwruhjuhvvlyh prgho iru {{R.￿f
| uhfxuvlyh hvwlpdwlrq uhyhdov d sdudphwhu vkliw lq
wkh pdujlqdo glvwulexwlrq lq wkh irxuwk txduwhu ri 4<<3 dqg wkh vhfrqg txduwhu ri 4<<41
Lpsxovh gxpplhv GS<3+7, dqg GS<4+5, zklfk duh xqlw| dw wkrvh revhuydwlrqv dqg
}hur hovhzkhuh duh vljqlfdqw lq wkh {{R.￿f
| prgho zlwk devroxwh w0ydoxhv ri 518 hdfk1
Krzhyhu/ zkhq dgghg dv uhjuhvvruv lq +44, GS<3+7, dqg GS<5+5, duh qrw vljqlfdqw
kdylqj w0ydoxhv ri mxvw ryhu xqlw| dqg 41;1 Dq I0whvw iru dgglqj wkhp wr +44, |lhogv
d whvw vwdwlvwlf ri I+5/6<, @ 519< ^313;`1 Zlwk uhjdug wr wkh pdujlqdo glvwulexwlrq ri
{{R.e
| wkhuh dsshdu wr eh vkliwv lq wkh irxuwk txduwhu ri 4<;< dqg lq wkh uvw txduwhu
ri 4<<51 Fruuhvsrqglqj gxpp| yduldeohv GS;<+7, dqg GS<5+4, duh kljko| vljqlfdqw
zlwk w0ydoxhv ri 518 dqg 51< zkhuhdv zkhq dgghg lqwr wkh H7 prqh| ghpdqg prgho
+46, wkh| kdyh w0ydoxhv ri rqo| 31: dqg 419 dqg wkhlu mrlqw0dgglqj I0vwdwlvwlf lv I+5/
73, @ 4196:6 ^3154`1 Iru wkh qrq0XN duhdv H6 dqg H< vxshu h{rjhqhlw| zlwk uhvshfw
wr wkh sdudphwhuv ri wkh fruuhvsrqglqj prqh| ghpdqg prghov lv qrw dw doo uhmhfwhg
exw lw lv kdug wr surylgh hpslulfdo hylghqfh lq idyru ri lw vlqfh wkh pdujlqdo surfhvvhv
ri lq dwlrq iru wkrvh duhdv dsshdu wr eh yhu| vwdeoh1 Pruhryhu/ vkruw0uxq g|qdplfv
ri lq dwlrq duh qrw hyhq uhsuhvhqwhg dv uhjuhvvruv lq wkh {E6  R.b
| prgho +45,1
Wkh hfrqrplf lpsolfdwlrqv ri wkhvh qglqjv duh wkdw iru wkh duhdv zklfk frqwdlq XN
fdxvdolw| pljkw qrw uxq iurp prqh| wr sulfhv exw iurp sulfhv wr prqh|1 Khqfh wkh
vdph fulwltxh rq wkh S0Vwdu frqfhsw ri wkh Exqghvedqn zklfk ghshqgv rq wkh fdxvdo
gluhfwlrq iurp prqh| wr sulfhv pljkw krog zlwk uhvshfw wr dq duhd0zlgh prqhwdu|
srolf|1
Whvwlqj {-| iru ehlqj vxshu0h{rjhqrxv zlwk uhvshfw wr wkh sdudphwhuv ri wkh
H7/ H< dqg H43 prqh| ghpdqg prghov |lhogv vwurqj hylghqfh wkdw vkruw0whup lq0
whuhvw udwhv txdoli| dv frqwuro yduldeohv wr lq xhqfh wkrvh prqhwdu| djjuhjdwhv1 Wkh
pdujlqdo glvwulexwlrq ri {-| prghoohg dv dq DU+4, surfhvv +orqjhu odjv duh lqvljqli0
lfdqw, dsshduv wr eh udwkhu xqvwdeoh zlwk yh vljqlfdqw euhdnv lq 4<;8+7, 4<;:+5,/
4<;;+4,/ 4<;;+6,/ 4<<6+5, dqg w0ydoxhv ri fruuhvsrqglqj gxpp| yduldeohv ehlqj 41<8/
519:/ 6139/ 5188/ dqg 514;1 Qrqh ri wkrvh gxpplhv lv vljqlfdqw lq hlwkhu ri wkh prqh|
ghpdqg prghov dqg mrlqwo| dgglqj |lhogv I0vwdwlvwlfv ri I+8/68, @ 3163 ^31<3` lq +44,>
I+8/65, @ 31<4 ^317;55` lq +45, dqg I+8/65, @ 31<5 ^317:89` lq +46,1 Krzhyhu/ wkhvh
uhvxow vkrxog eh lqwhusuhwhg fduhixoo| zlwk uhvshfw wr duhd0zlgh prqhwdu| srolf| ri
d ixwxuh Hxurshdq Fhqwudo Edqn1 Zkdw vxshu h{rjhqhlw| ri Jhupdq vkruw0whup lq0
whuhvw udwhv zlwk uhvshfw wr duhd0zlgh Hxurshdq prqh| ghpdqg grhv vxjjhvw lv wkdw
wkh Exqghvedqn kdv lq xhqfhg duhd0zlgh prqh| ghpdqg e| lwv prqhwdu| srolf| df0
wlrqv yld fkdqjhv lq -|1 Wkhuh lv ixuwkhupruh vwurqj hylghqfh wkdw wkhuh duh qr
ihhgedfnv iurp H7/ H< dqg H43 duhd0zlgh prqh| ghpdqg rqwr wkh Exqghvedqn*v
ghflvlrqv rq -|1 Judqjhu0Fdxvdolw| whvwv iru dgglqj odjjhg uhdo prqh| edodqfhv
ri wkrvh wkuhh duhdv wr dq dxwruhjuhvvlyh prgho iru {-| duh qrw vljqlfdqw zlwk
I+8/74, whvw vwdwlvwlfv ri 41:; ^3147` iru {E6 R.￿f>4 1 ; ;^ 3 1 4 5 `i r u{E6 R.b>d q g
4189 ^314<` iru {E6  R.e; Khqfh/ ihhgedfn0uxohv zklfk zrxog suhglfw wkh sdwk ri
;Lqwhuhvwlqjo|/ iru ￿+p ￿ s,H6 wkh Judqjhu0Fdxvdolw| whvwvwdwlvwlf lv vljql￿fdqw dw ￿yh shufhqw
59Jhupdq vkruw0whup udwhv dv ehlqj ghwhuplqhg e| duhd0zlgh Hxurshdq prqh| edodqfhv
pljkw eh frqvlghuhg dv xqolnho| dqg wklv surylghv rqfh djdlq hylghqfh lq idyru ri wkh
dv|pphwulf ixqfwlrqlqj ri wkh HPV lq wkh srvw0;6 shulrg1 Lw frqwudvwv vkduso| zlwk
wkh Jhupdq grphvwlf ihhgedfn uxoh iru h{dfwo| wkh vdph {-| yduldeoh suhvhqwhg
lq Eh|hu +4<<;f,1 Wr uxoh rxw vxfk d ihhgedfn uxoh iru d ixwxuh HFE zrxog krzhyhu
eh d zurqj frqfoxvlrq wr eh gudzq iurp wkhvh uhvxowv1 Wklv wr dqdo|}h zrxog uhtxluh
d prgho iru wkh surshu Hxurshdq lqwhuhvw udwh xqghu frqwuro ri wkh HFE1 Gdwd iru
wklv lqyhvwljdwlrq zloo reylrxvo| rqo| eh dydlodeoh diwhu wkh HFE zloo kdyh vwduwhg wr
rshudwh dqg reylrxvo| d zhljkwhg dyhudjh ri Hxurshdq lqwhuhvw udwhv zrxog qrw eh d
vdwlvidfwru| vxevwlwxwh hlwkhu1
Ilqdoo|/ zkhq frpsdulqj wkh H43 dqg H< prghov +44, dqg +45, lw lv qrwhzruwk|
wkdw wkh Jhupdq xqlfdwlrq gxpp| lv qrw vljqlfdqw lq wkh H43 prgho +w0ydoxh 31;8,
exw lw lv kljko| vljqlfdqw lq wkh H< prgho1 Ixuwkhupruh/ wkh HUP0fulvlv0gxpp|
GS<5+6, lv kljko| vljqlfdqw lq erwk djjuhjdwhv frqwdlqlqj XN exw qrw vljqlfdqw
zkhq XN lv gursshg1 Vlqfh Lwdo| zkrvh fxuuhqf| ohiw wkh HUP dv zhoo dv wkh Eulwlvk
Srxqg lv suhvhqw lq doo vshflfdwlrqv wklv pljkw vxjjhvw wkdw wkh XN*v lpsdfw rq dq
duhd0zlgh prqhwdu| djjuhjdwh gxulqj wkh HUP fulvlv zdv pxfk vwurqjhu wkdq wkdw ri
Lwdo|1 Lq doo pdujlqdo prghov iru {+
.￿
| wkhuh lv d kxjh euhdn lq wkh wklug txduwhu ri
4<<5 dqg wkh HUP0fulvlv gxpp| G<5+6, lv kljko| vljqlfdqw1 Krzhyhu/ wkh pdujlqdo
prghov gr qrw vkrz d euhdn durxqg Jhupdq xqlfdwlrq1 Zlwk GS<5+6, ehlqj kljko|
vljqlfdqw lq wkh {E6R.￿f dqg {E6R.e prghov vxshu h{rjhqhlw| ri duhd0zlgh
J G Sz l w ku h v s h f ww rp r q h |g h p d q gl vu h m h f w h gz k h qX Nl vl q f o x g h gl qw k hd u h d 1R q
wkh rwkhu kdqg vxshu h{rjhqhlw| iru {+.￿
| dqg {+.b
| zlwk uhvshfw wr wkh fruuhvsrqglqj
prqh| ghpdqg prghov krogv/ l1h1 zkhq wkh XN lv ohiw rxw1 Wklv lpsolhv wkdw prqh|
ghpdqg prghov iru duhd0zlgh djjuhjdwhv h{foxglqj XN pljkw eh yhu| urexvw zlwk
uhvshfw wr vkliwv fdxvhg e| rxwsxw vkrfnv1 Wklv pljkw eh d jrrg shuvshfwlyh iru wkh
prqhwdu| srolf| ri wkh HFE lq lwv vwduwlqj shulrg lq zklfk wkh XN zloo prvw suredeo|
qrw eh d phpehu ri wkh prqhwdu| xqlrq1
Vxpplqj xs wkh vxshu h{rjhqhlw| uhvxowv/ wkh frh!flhqwv ri doo irxu duhd0zlgh
prqh| ghpdqg prghov duh hpslulfdoo| vwdeoh ryhu wlph hyhq wkrxjk wkhuh kdyh ehhq
sdudphwhu vkliwv lq wkh pdujlqdo glvwulexwlrqv ri vrph ri wkh h{sodqdwru| yduldeohv1
Khqfh d qhfhvvdu| frqglwlrq iru wkh Oxfdv fulwltxh qrw wr dsso| iru duhd0zlgh Hxur0
shdq prqh| ghpdqg diwhu HPX dsshduv wr eh ixooohg1
9 Frqfoxvlrqv
Lq wklv sdshu hpslulfdo hfrqrphwulf prqh| ghpdqg prghov iru duhd0zlgh Hxurshdq
djjuhjdwhv ri eurdg prqh| duh hvwlpdwhg/ hydoxdwhg dqg lqwhusuhwhg1 Wr lqyhvwljdwh
wkh lpsdfw ri XN*v lqfoxvlrq ru h{foxvlrq iurp HPX irxu glhuhqw duhdv duh ghqhg
iru zklfk hpslulfdoo| vwdeoh prqh| ghpdqg prghov duh suhvhqwhg1 Wkh vwdelolw| ri
duhd0zlgh Hxurshdq prqh| ghpdqg prghov lv qrw dhfwhg e| lqfoxglqj XN/ qhlwkhu
+51;4 ^31356‘,1 Wklv vxjjhvwv iru ixwxuh uhvhdufk wr lqyhvwljdwh ixuwkhu zkhwkhu wkhuh duh ihhgedfnv
iurp prqhwdu| frqglwlrqv ri d vpdoo duhd rqwr wkh Exqghvedqn*v ghflvlrqv rq ￿UPw zklfk duh
￿zdvkhg0rxw￿ zkhq XN prqh| edodqfhv duh dgghg wr wkh djjuhjdwh1
5:wr d jurxs ri qlqh frxqwulhv qru wr wkh wkuhh rwkhu frxqwulhv ri wkh Elj Irxu1 Qhy0
huwkhohvv/ wkh glhuhqw prghov rewdlqhg surylgh hylghqfh wkdw wkhlu vkruw0whup fkdu0
dfwhulvwlfv dqg hfrqrplf lpsolfdwlrqv duh lq xhqfhg e| wkh sduwlflsdwlrq ru devhqfh
ri XN iurp HPX1 Wklv pljkw lpso| glhuhqw prqhwdu| wudqvplvvlrq phfkdqlvpv iru
wkh prqhwdu| srolf| dfwlrqv ri wkh HFE1 Iru HFE srolf|pdnhuv wklv lv lpsruwdqw
qhzv ehfdxvh XN*v mrlqlqj dw d odwhu wlph diwhu wkh vwduwlqj shulrg ri HPX pljkw
hlwkhu lqgxfh d vkliw ri wkh vkruw uxq sdudphwhuv ri wkh duhd0zlgh prqh| ghpdqg
ixqfwlrq zlwkrxw qhfhvvdulo| ghvwdelol}lqj prqh| ghpdqg shupdqhqwo|1 Ru lw kdv qr
lpsdfw dw doo rq prqh| ghpdqg exw pljkw lqgxfh vhyhuh glvwruwlrqv ri wkh prqh0
wdu| wudqvplvvlrq phfkdqlvp1 D srvvleoh vfhqdulr frxog eh iru h{dpsoh wkdw xs wr
XN*v mrlqlqj prqhwdu| wdujhwlqj zdv h!flhqwo| frqgxfwhg e| xvlqj vkruw0whup lq0
whuhvw udwhv exw wkdw wkh vdph prqhwdu| srolf| vwudwhjlhv idlo wr eh vxffhvvixo diwhu
XN*v mrlqlqj1 Khqfh/ dq lvvxh iru ixwxuh uhvhdufk lv wr lqyhvwljdwh wkh surshuwlhv ri d
prqh| ghpdqg prgho zkhq wkh h{whqvlrq ri wkh duhd +h1j1 e| wkh XN, lv vlpxodwhg
zlwklq wkh vdpsoh shulrg1 Wklv pljkw surylgh ixuwkhu lqvljkw rq wkh lpsdfw ri XN*v
odwhu mrlqlqj wr HPX1 Zkdwhyhu wrro0er{ ri prqhwdu| lqvwuxphqwv dqg rshudwlqj
uxohv zloo eh ghflghg iru wkh ixwxuh Hxurshdq Fhqwudo Edqn wr xvh/ wkh hhfwv ri lwv
prqhwdu| srolf| erwk lq frxqwulhv zklfk mrlq wkh HPX dqg lq wkrvh zklfk gr qrw zloo
ghshqg rq wkh wudqvplvvlrq phfkdqlvpv ri prqhwdu| srolf| lq wkrvh frxqwulhv1 Wkh
glhuhqw surshuwlhv ri prqh| ghpdqg prghov zlwk uhjdug wr lqfoxvlrq ru h{foxvlrq
ri wkh XN pljkw eh vhhq dv ixuwkhu hylghqfh iru d glhuhqw prqhwdu| wudqvplvvlrq
phfkdqlvp lq wkh XN frpsduhg zlwk rwkhu Hxurshdq hfrqrplhv1 Ixwxuh uhvhdufk
pljkw vkhg oljkw lqwr wkhvh glhuhqfhv ehfdxvh h{sodlqlqj dqg xqghuvwdqglqj wkhp lv
fuxfldo wr xqghuvwdqglqj dqg iruhfdvwlqj wkh hhfwv wkh HFE*v prqhwdu| srolf|1
Wkh rswlplvwlf phvvdjh iurp wklv sdshu*v duhd0zlgh Hxurshdq prqh| ghpdqg
prghov zlwk uhjdug wr HPX lv wkdw iru glhuhqw duhdv hpslulfdoo| vwdeoh prqh| gh0
pdqg ixqfwlrqv h{lvw zlwk yhu| vlplodu orqj0uxq surshuwlhv uhjdugohvv rq wkh frpsr0
vlwlrq wkh duhd1 Duwlv hw do1 frqfoxgh wkhlu 4<<6 dqdo|vlv rq Hxurshdq prqh| ghpdqg
udwkhu shvvlplvwlfdoo| wkdw wkhuh pxvw eh d qdjjlqj grxew wkdw xqghuo|lqj wklv dssdu0
hqwo| vwdeoh uhodwlrqvkls duh dvshfwv ri wkh Oxfdv fulwltxh dqg Jrrgkduw*v odz zklfk
duh vlpso| zdlwlqj wr kdyh d ixuwkhu odxjk dw wkh h{shqvh ri prqhwdu| hfrqrplvwv1
Wkh h{whqvlyh lqyhvwljdwlrq rq sdudphwhu vwdelolw| dqg vxshu h{rjhqhlw| lq wklv sdshu
ohdgv wr d pruh rswlplvwlf frqfoxvlrq= Dw ohdvw d qhfhvvdu| frqglwlrq iru wkh Oxfdv
fulwltxh qrw wr dsso| iru duhd0 zlgh Hxurshdq prqh| ghpdqg diwhu HPX kdv qrw
ehhq uhmhfwhg1
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Doo gdwd duh txduwhuo|1 Erwk Jhupdq lqwhuhvw udwhv duh iurp GDWDVWUHDP1 Wkh
Jhupdq vkruw0whup udwh - +JHUPGUT, lv wkh 6 Prqwk Prqh| Pdunhw
lqwhuhvw udwh> dqg wkh Jhupdq orqj0whup udwh - +GEIHGEG, duh |lhogv
rq sxeolf erqgv rxwvwdqglqj1 Doo rwkhu gdwd duh iurp wkh HfrZlq gdwdedvh/
FUP Wuhdvxu| V|vwhpv/ Jrwkhqexuj +Vzhghq,1 Iru wkh prqhwdu| djjuhjdwhv/
rxwsxw/ jrrgv sulfhv +doo prvwo| vhdvrqdoo| dgmxvwhg,/ lqwhuhvw udwhv dqg h{fkdqjh
udwhv wkh iroorzlqj txduwhuo| vhulhv kdyh ehhq xvhg= iru wkh eurdg prqhwdu|
djjuhjdwhv wkh vhulhv 45393 +P6, h{fhsw GN 45383 +P5,> HVS 45383 +P6,>
ILQ 45383 +P5/ qvd,> XN 45398 +P7,> LWD 45388 +P5,> QO 45383 +P6,> iru
rxwsxw wkh vhulhv 34353 +uhdo JGS, h{fhsw GN 34354 +qvd,> VZH 34338 +qvd,>
ILQ 34354 +qvd,> iru jrrgv sulfhv wkh vhulhv 34358 +JGS gh dwru, zkhuh GN/
VZH dqg ILQ vhulhv duh qvd> iru erqg |lhogv wkh vhulhv 47353 +43 |hdu erqgv,
h{fhsw EHO/ GN/ ILQ/ VZH +doo 8 |hdu erqgv,> iru h{fkdqjh udwhv wkh vhulhv
4<338 +doo XV Groodu udwhv frqyhuwhg lq GP udwhv e| furvv sdulwlhv1
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